s 

628.  16 
832 

H2sbc  D3 
1986 


REMEDIAL  INVESTIGATION  FINAL  REPORT 

APPENDIX  D,  PART  3 

STATE  DOCUMENTS  COLLFCTlOi! 


AGRICULTURE 

INVESTIGATION 


FE3  1 6 ijijo 

MONT  - \ u?‘'ATr 

151 G C.  6t;-  AVE. 
HELENA,  MONTANA  59620 


SUBMITTED  TO: 

Montana  Department  of  Health 
and  Environmental  Sciences 
Heiena,  Montana 


MuitiTech J 


«ii7-VQ  i Cornish 

® Creek  remedial  Investigation 


3 0864  00058940  1 


SILVER  BOW  CREEK 
DRAFT 


REMEDIAL  INVESTIGATION 
FINAL  REPORT 


*jL\  r 


*'rjCVv’ i I < 
*’'*■^41  ■!/\ 


^9620 


AGRICULTURE  INVESTIGATION 


Author  and  Contributors: 

Jay  Cornish,  Principal  Investigator 

William  Schafer 
Gordon  Huddleston 
Clarence  Whitworth 
Bob  Sheehan 
Sandra  Fitch 
Heather  Johnson 


Submitted  To: 

Solid  and  Hazardous  Waste  Bureau 
Department  of  Health  and  Environmental  Sciences 

Cogswell  Building 
Helena,  Montana  59620 


Submitted  By: 

Mul t iTech 

A Division  of  MSE,  Inc. 

P.  0.  Box  4078 
Butte,  Montana  59701 

under  contract  No.  50341-1202503 


July  1986 


V. 


MultiTech 


Digitized  by  the  Internet  Archive 

in  2015 


https://archive.org/detaiis/siiverbowcreekre1986corn 


PREFACE 


Silver  Bow  Creek  originates  north  of  Butte,  Montana  and  is  a major 
tributary  to  the  upper  Clark  Fork  River.  Mill  tailings  and  other 
mining  wastes  in  and  near  the  creek  contribute  to  substantial  down- 
stream contamination,  particularly  by  potentially  toxic  elements: 
arsenic,  cadmium,  copper,  lead,  iron,  and  zinc.  These  elements  and 
present  in  the  mine  ore  and  remain  as  by-products  of 

and  smelting  processes. 

of  mining  in  the  Butte  area  began  with  the  discovery  of 
in  Silver  Bow  Creek,  in  late  summer  of  1864.  Several 
id  camps  sprung  up  among  the  diggings.  However,  these 

vere  short-lived,  and  most  of  the  miners  left  by  1869, 
.tayed  began  prospecting  the  quartz  lode  deposits  of 
the  associated  complex  copper  ores  on  the  Butte  Hill. 
:s  culminated  in  a silver  rush,  which  began  in  the  mid- 
revived  the  old  camp.  During  that  time  world-class 
copper  ore  were  identified.  By  1881,  Butte  had 
become  one  of  the  nation's  major  mining  centers;  the  district  attained 
national  dominance  in  copper  mining  by  the  mid-1890's  and  inter- 
national prominence  by  the  turn  of  the  century.  By  1915,  Anaconda 
Copper  Mining  Company  led  the  industry;  but  in  1980,  in  response 
to  a depressed  copper  market.  Anaconda  closed  all  the  underground 
mines  and  continued  active  mining  only  in  the  Berkeley  Pit  (estab- 
lished in  1955).  In  1977,  Anaconda  became  a subsidiary  of  Atlan- 

tic Richfield  Company  (ARCO).  ARCO  closed  the  Berkeley  Pit  in  1982 
and  the  East  Berkeley  pit  in  1983. 
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In  addition  to  mining,  various  ore  processing  facilities  also 
operated  in  the  Butte  area.  The  first  two  mills  were  erected  in  1874 
gold  and  silver.  Ten  years  later,  Marcus  Daly,  one  of  the 
of  the  Anaconda  Company,  built  a copper  smelter  27  miles 
Butte  and  planned  the  city  of  Anaconda.  The  Anaconda 
Smelter  was  moved  to  a new  location  in  the  city  in  1900,  and  operat- 
ed from  1903  to  1980. 


to  smelt 
founders 
west  of 


The  history  of  over  100  years  of  continuous  mining  and  related 
activities  changed  the  area's  natural  environment  greatly.  Early 
mining,  milling,  and  smelting  wastes  were  dumped  directly  into  Silver 
Bow  Creek  and  transported  downstream  to  the  Clark  Fork  River.  In 
1911,  the  first  treatment  pond  was  built  by  Anaconda  Company  near 
Warm  Springs,  Montana,  to  settle  out  wastes  from  Silver  Bow  Creek 
before  the  water  was  allowed  to  move  on.  In  1916  and  1959  , two 
more  treatment  ponds  began  operation.  Silver  Bow  Creek  continued 
to  receive  raw  mining  and  milling  wastes  until  1972,  when  a treatment 
plant  was  added  to  the  Weed  Concentrator  in  Butte.  Creek  contami- 
nation problems  were  compounded  by  urban  and  domestic  sewage,  wood 
products  treatment  plants,  phosphate  and  manganese  production  facil- 
ities, and  chemical  factories. 
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EXECUTIVE  SUMMARY 


was  to 
and  zinc 


evaluate 

contami- 


The  objective  of  the  Agriculture  Investigation 
arsenic,  cadmium,  copper,  iron,  manganese,  lead, 
nation  of  agricultural  lands  receiving  irrigation  waters  from  either 
Silver  Bow  Creek  or  the  upper  Clark  Fork  River.  Historic  contami- 
nation of  these  lands  was  partly  due  to  the  use 
irrigation.  This  investigation  was  designed  as 
ject;  only  Phase  I,  a reconnaissance-level  effort,  has  been  imple- 
mented. The  implemented  study  used  existing  data  and  phone  inter- 
views to  identify  potentially  contaminated  sites.  Soil  and  plant 
material  sampling  and  analysis  provided  the  basis  for  evaluation  of 
the  severity  of  contamination  and  its  potential  effects. 


of  the  waters  for 
a two-phased  pro- 


Sampled  agricultural  lands  irrigated  with  water  from  Silver  Bow 
Creek  or  the  Upper  Clark  Fork  River  were  found  to  be  contaminated 
occasionally  by  metals.  In  some  cases  this  contamination  was  so 
severe  as  to  prevent  plant  growth  and/or  be  a concern  for  livestock. 
The  data  suggests  that  approximately  5,400  acres  of  land  have  been 
affected  by  the  use  of  these  waters  for  irrigation. 


A three-part  approach 
mended.  These  Phase 
contamination's  areal 
of  contamination,  and 


for  Phase  II  agri 
II  studies  would 
extent,  refine  the 
aid  in  feasibility 


cultural  studies  is  recom- 
improve  demarcation  of  the 
assessment  of  the  severity 
study  reclamation  planning. 
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1.0  INTRODUCTION 


The  objective  of  the  Silver  Bow  Creek  Remedial  Investigation  (SBC 
RI ) is  to  determine  the  extent  and  severity  of  contamination  within 
the  Silver  Bow  Creek/Upper  Clark  Fork  River  system  (See  Map  1-1). 
Once  the  extent  and  severity  of  contamination  within  the  site  has 
been  determined,  the  risk  to  humans  and  selected  environmental 
components  can  be  assessed,  and  feasibility  studies  to  develop 
remedial  actions  can  be  completed. 

The  Silver  Bow  Creek  system  has  been  contaminated  by  over  100  years 
of  mining,  mineral  concentration  (milling) , and  smelting  activities 
within  the  basin.  Contaminants  of  concern  are  arsenic  (As),  cad- 
mium (Cd),  copper  (Cu),  iron  ( Fe ) , manganese  (Mn),  lead  (Pb),  and 
zinc  (Zn).  These  metals  are  found  within  the  system  at  various 
concentrations,  in  various  forms,  and  often  well  above  geochemical 
background  levels.  The  major  sources  of  these  contaminants  are 
mill  tailings  deposits  and  contaminated  ground  water  (See  SBC  RI 
Surface  Water  Investigation  and  Ground  Water  Investigation  Reports, 
Appendices  A and  B).  A timeline  showing  significant  historical 
events  that  impacted  Silver  Bow  Creek  and  the  upper  Clark  Fork 
River  is  shown  in  Figure  1-1. 

To  evaluate  potential  risk,  the  migration  of  site  contaminants  into 
crops  and  animals  consumed  by  humans  needed  to  be  determined  during 
the  RI . On  the  Silver  Bow  Creek  site,  three  investigations  were 
performed  to  allow  this  evaluation: 
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FIGURE  1-1 


HISTORIC  CONTAMINATION  OF  SlL.vtJ<  BCW  CREEK 


• Fish  Tissue  Investigation; 

• Waterfowl  Investigation;  and 
o Agricultural  Investigation. 

This  report  documents  the  findings  of  the  Agricultural  Investigation, 
i.l  STUDY  PLAN  DEVELOPMENT 

An  Rl-related  literature  review  revealed  an  estimated  5,380  acres 
of  potentially  contaminated  cropland  within  Silver  Bow,  Deer  Lodge, 
and  Powell  Counties  (MultiTech  and  Stiller  and  Associates  1984a). 
The  suspected  source  of  cropland  contamination  was  the  use  of 
metal-laden  water  from  Silver  Bow  Creek  and  the  upper  Clark  Fork 
River  for  irrigation.  The  severity  of  contamination  and  consequent 
economic  significance  were  not  estimated. 

Four  concerns  developed  during  the  literature  review: 

o Whether  the  areal  extent  and  severity  of  contamination  had 
abated  over  time; 

& Whether  residual  contaminants  were  present  at  sufficient 
levels  to  adversely  affect  the  terrestrial  food  chain,  and 
consequently  become  a threat  to  human  health  and  welfare; 
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• Whether  the  irrigated  lands  also  were  affected  adversely  by 
deposition  of  heavy  metal-laden  particulate  matter  from 
smelter  stack  emissions;  and 

• The  need  for  baseline  physical  and  chemical  data  to  evaluate 
alternative  soil  treatment  and  crop/livestock  management 
practices  (MultiTech  and  Stiller  and  Associates  1984b). 

These  four  concerns  determined  the  objectives  of  the  Agricultural 
Inx'estigation . The  investigation  was  designed  as  a two-phased 
approach  (MultiTech  and  Stiller  and  Associates  1984a): 

• Phase  One--a  reconnaissance  level  effort  to  refine  the 
preliininary  estimate  of  extent  of  heavy  metal  contamination, 
plus  a preliminary  evaluation  of  the  severity  of  such 
contajiiinat ion  on  irrigated  croplands,  to  livestock,  and  to 
human  healtli  and  welfare; 

9 Phase  Two--a  statistically  rigorous  evaluation  of  the  ef- 
fects on  agricultural  production  and/or  human  health  found 
in  Pliase  One,  if  approved  by  MDHES  project  management. 

Howe\'er,  only  Phase  One  has  been  implemented  and  is  reported  in  this 
document . The  first  phase  was  divided  into  the  following  tasks: 

• Task  One — utilize  existing  data  and  phone  interviews  to 
identify  land-owners  who  either  knew  or  strongly  suspected 
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adverse  agricultural  impacts  resulting  from  the  use  of 
Silver  Bow  Creek  and/or  Clark  Fork  River  waters  7 and 

• Task  Two — collect  and  analyze  soil  and  plant  materials  from 
affected  and  adjacent  control  sites  with  no  previously  set 
levels  of  statistical  confidence  or  sampling  precision. 

Numerically  reduced  laboratory  data  were  analyzed  statistically 
and  spatially,  and  compared  against  environmental  assessment  criteria 
(MultiTech  and  Stiller  and  Associates  1984a)  to  address  the  first 
three  concerns  developed  during  the  literature  review.  The  fourth 
concern  was  addressed  through  the  analysis  of  such  reclamation-re- 
lated parameters  as  plant  macronutrient  and  plant-available  heavy 
metal  levels.  These  analyses  were  performed  for  those  sites  probab- 
ly affected  by  exposure  to  contaminated  irrigation  water,  as  well 
as  upgradient  control  sites.  Results  are  presented  in  Section  3.0. 

1.2  HISTORICAL  DATA 

The  few  studies  performed  early  in  this  century  documented  locally 
adverse  effects  on  irrigated  lands  situated  adjacent  to  the  Clark 
Fork  River  and  throughout  the  Deer  Lodge  Valley  (Haywood  1910; 
Batemen  and  Wells  1917).  A more  detailed  discussion  of  these 
studies  is  presented  in  Section  4.4.2  of  the  Work  Plan  (MultiTech 
and  Stiller  and  Associates  1984a).  These  investigations  gave  only 
cursory  treatment  to  the  extensive  irrigation  ditch  system,  despite 
concurrent  evidence  of  mining-related  impacts  occurring  elsewhere 
(Griffith  1919) . 
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The  continued  presence  of  heavy  metal  contamination  of  riparian 
soils  and  vegetation,  located  within  the  Grant-Kohrs  Ranch  National 
Historic  Site,  has  been  demonstrated  by  Rice  and  Ray  (1984).  Their 
conclusions  pertaining  to  the  SBC  RI  are  as  follows: 

• Copper,  arsenic,  and  cadmium  concentrations  within  the  upper 
25  cm.  (10  in.)  of  the  riparian  soils  are  10  to  100  times 
greater  than  for  similar  soils  from  areas  lacking  major 
sources  of  man-caused  pollution; 

• The  deposition  of  these  "heavy  metals"  - contaminated  sedi- 
ments on  the  Clark  Fork  River  floodplain  is  the  predominant 
and  continuing  mechanism  of  contamination; 

” The  probable  source  of  these  contaminants  (at  the  ranch 
site)  are  upstream  mining  and  smelter  operations; 

• Copper,  arsenic,  and  (infrequently)  cadmium  levels  in  riparian 
vegetation  are  often  elevated  several-fold  above  "expected" 
levels;  and 

• Acute  livestock  toxicity  does  not  appear  to  be  of  any  risk 
anywhere  on  the  ranch. 
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An  extensive  review  of  heavy  metal  air  pollution  effects  on  agricul- 
ture within  the  Deer  Lodge  Valley  can  be  found  in  Section  1.1  of 
the  Anaconda  Smelter  soils/cropland  study  plan  prepared  by  Multi- 
Tech  and  Native  Plants,  Inc.  (1984).  The  historical  data  were 
inadequate  to  answer  concerns  of  the  Agricultural  Investigation. 
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2 . 0 METHODS 


2.1  LOCATION  OF  SAMPLING  STATIONS 

Landowners  potentially  affected  by  the  use  of  Silver  Bow  Creek  or 
Clark  Fork  River  waters  for  agricultural  purposes  were  interviewed 
by  phone  between  December  3,  1984  and  February  4,  1985.  The  survey 
is  described  in  the  Silver  Bow  Creek  Remedial  Investigation  Work 
Plan  (MultiTech  1984a);  the  completed  interview  records  are  stored 
in  MultiTech 's  project  files.  Two  memoranda  that  summarize  the 
Task  One  findings  are  found  as  Attachments  I and  II  to  this  report 
(Cornish  1984,  1985)  . 

Eight  candidate  sites  (Cornish  1985,  Table  1)  were  inspected  and 
interviews  subsequently  were  conducted  with  landowners  of  the  most 
promising  sites,  during  the  period  June  24  through  June  28,  1985. 
The  Hollenback  site  was  elminated,  as  site-specific  "control" 
samples  were  taken  along  with  "contaminated"  samples.  Originally, 
the  Hollenback  site  was  to  serve  as  a "regional  control  site" , for 
the  entire  RI  study  area. 

Two  sites  were  added  to  those  identified  in  the  Work  Plan;  the 
Thurmond  and  Dutton  sites . Thurmond  contacted  MultiTech  personnel 
on  June  25  and  expressed  concern  regarding  damage  to  an  irrigation 
pipe  as  a result  of  using  Silver  Bow  Creek  water.  Sampling  at 
Dutton's  wet  meadow  proved  valuable,  as  a buried  tailings  deposit 
was  discovered  despite  the  general  presence  of  lush  hydrophytic 
(water-loving)  vegetative  cover. 
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Those  sites  not  exhibiting  the  Work  Plan's  "site  avoidance"  criteria, 
and  consequently  sampled  for  soils  and  plant  materials,  are  shown  in 
Table  2-1.  Approximate  site  locations  are  shown  on  Map  2-1;  de- 
tailed site  descriptions  are  provided  in  Section  3.0.  Claims  of 
livestock  deaths  resulting  from  heavy  metals  poisoning  were  noted 
during  the  phone  interviews  (Cornish  1984,  Table  1).  However, 
livestock  tissue  sampling  was  postponed  until  soils  and  plant 
material  laboratory  data  could  be  evaluated  for  the  presence  of 
significantly  elevated  or  known  toxic  levels  of  the  selected 
contaminants  in  accordance  with  the  Work  Plan. 

2.2  SAMPLE  COLLECTION 

2.2.1  Soils  Sampling 


During  the  Phase  One  (Reconnaissance)  efforts,  38  soil  samples  were 
taken  at  16  sites.  With  the  exception  of  the  Dutton  site  (A9), 
samples  were  taken  above  ( "upgradient " ) and  below  ( "downgradient " ) 
abandoned--and  often  times  breached — irrigation  ditches.  Table  2-2 
presents  sainpling  dates,  sampling  depths,  and  field  identification 
numbers.  Additional  site  information  is  found  in  Table  2-1,  while 
approximate  site  locations  are  shown  in  Map  2-1.  Five  sets  of 
duplicate  samples  and  two  DI  water  blanks  constitute  the  QA/QC 
field  efforts . 

The  methodologies  utilized  were  modified  somewhat  from  those  de- 
scribed in  the  Work  Plan,  either  for  matters  of  practicality  or 
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TABLE  2-1 

PHASE  ONE  AGRICUL'IURAL  SAMPLING  SITE  LDCATIOMS 
(IN  DOWNSTREAM  ORDER) 


Landowner ' s Name  or  Contact  Person 


Site  Designations  Sanpling  Site  Location 


Robert  Thurmcnd 

AlO 

T3NR8W20DADB 

All 

T3NR8W20BCAB 

Walter  Konda 

A1 

T3NR9W16CBCB 

A2 

T3NR9W16CBCB 

A3 

T3NR9W16DCCB 

William  Peterson 

T12 

T4NR10W35CDDD 

T13 

T4NR10W35DDDD 

T14 

T4NR10W35CADB 

T15 

T4NR10W35DADB 

T16 

T4NR10W35ABBA 

T17 

T4NR1CM35CBBA 

Hazel  Spangler 

A6 

T4NR9W30ACAB 

A7 

T4NR9W30CCAB 

Lovell  Ranch/ Dick  Ebrsen 

A12 

T7NR9W16AADA 

A13 

T7NR9W16AADA 

Dave  and  Dean  EXjtton 

A9 

T10NR10W31ACBA 

(a)  Sites  located  to  the  nearest  2.5  acres  using  the  counterclockwise 

demarcation  system  used  by  the  USDI  BLM  (e.g.,  A=  northeast  quadrant). 

(ta)  Site  location  determined  by  inspection  of  variously  scaled  aerial 
photography  and  topographic  inaps. 
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TABLE  2-2 

SOIL  SAMPLING  FIELD  DATA 
(IN  DOWNSTREAM  ORDER) 


'anpling 

Sairpling 

Sanpling 

CciTTnents(^) 

•ite  No. 

Dates 

Depth  (in. ) 

Field  No. 

AlO 

6/27/85 

0-5 

AlO-5 

Probable  control  site. 

All 

6/27/85 

0-9 

All-6 

Suspected  tailings 
contaminated  site 
adjacent  to  Silver 
Bow  Creek. 

AL 

6/27/85 

0-12 

Al-7 

Above  Miles  Ditch 

12-22 

Al-8 

(probable  control 

22-2ar^ 

Al-9 

site) . 

A2 

6/27/85 

0-6 

A2-10 

Just  belcw  Miles 
Ditch  (possibly 
contaminated  by 
overflew/ sediment ) . 

A3 

6/27/85 

0-15 

A3-11 

Salt  affected? 

15-30 

A3-12 

Mill  tailings  noted. 

30-46 

A3-13 

— 

T12 

6/28/85 

0-5 

T12-59 

Above  old  lateral 
ditch  (fed  by 
the  Ye  1 lew  Ditch) ; 
possible  control 

5-17 

T12-60 

site. 

T13 

6/28/85 

0-3 

T13-61 

Possible  overflew 

3-10 

T13-62 

( contaminated ) area 

10-18 

T13-63 

be lew  old  lateral 
ditch. 

T14 

6/28/85 

0-4 

T14-55 

Probably  contaminated 
(bare)  ground  alongside 
an  old  lateral  of  the 
Yellow  Ditch. 

T15 

6/28/85 

0-8 

T15-56 

Plow  layer  taken 
near  dilorotic  oats. 

T16 

6/28/85 

0-4 

T16-57 

Bare  ground  near 
lateral  ditch  (from 
Ye 1 lew  Ditch)  at 

"lower  field" . 
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TABLE  2-2 

SOIL  SAMPLING  FIELD  DATA  (Continued) 
(IN  DOWNSTREAM  ORDER) 


Sanpling 
Site  No. 


T17 


A6 


A7 


A12 


A13 


A9 


Sanpling 

Sanpling 

Cotments^^^ 

Date 

Depth  (in. ) 

Field  No 

6/28/85 

0-5 

T17-58 

Grab  satple  frcm 
above  lateral  ditch 
(possible  control 
site ) . 

6/28/85 

n/a(^) 

Field  Blank 

DI  EDH  frcm  laboratory. 

7/06/85 

0-5 

A6-18 

Suspected  as  being 

5-12 

A6-19 

minimally  contaminated 

12-24 

A6-20 

(possible  control  site) . 

7/06/85 

0-5 

A7-14 

Appears  to  have  been 

5-15 

A7-15 

contaminated  by  breached 

15-25 

A7-16 

irrigation  ditch  water/ 

25-37 

A7-17 

sediment. 

7/07/85 

0-5 

A12-21 

Above  E.  Valitcxi  Ditch 
(probable  ccntrol  site). 

5-14 

A12-22 

Duplicate  sample  taken, 
(i.e.,  T-77) 

7/03/85 

14-40 

A12-23 

Duplicate  sanple  taken, 
(i.e.,  T-78) . 

0-4 

A13-98 

Duplicate  sanples  taken 
below  the  E.  Valiton 

0-4 

A13-99 

Ditch. 

7/07/85 

0-3 

A13-24 

Duplicate  sarple  taken 
(i.e.,  T-79). 

3-8 

A13-25 

Duplicate  sanple  taken, 
(i.e.,  T-80). 

8-18 

A13-26 



18-38 

A13-27 

— 

6/26/85 

0-5 

A9-1 

Mucky  soil. 

5-10 

A9-2 

Muc>;y  soil. 

10-18 

A9-3 

Mill  tailings/sediment. 

18-26 

A9-4 

Buried  "A"  horizon. 

6/26/85 

N/A^ 

Field  Blank 

DI  HOH  frcm  laboratory. 

(a)  Comnents  taken  from  field  notes. 

(b)  N/A  means  Not  Applicable. 
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APPROXIMATE  LOCATiaXS  OF  THE 

AGRICULTURAL  SOIL/PLANT  SAMPLING 

SITES. 

xamer 


for  improved  integrity  of  results.  The  major  changes  are  presented 


below ; 


The  data  originally  planned  for  inclusion  in  the  field 
sample  record  book  and  accompanying  field  diary  were 
collected,  but  are  not  contained  in  these  two  documents. 
All  of  this  information  currently  is  stored  in  MultiTech's 
project  files. 

Horizon-specific  bulk  samples  from  one  soil  pit  per  site 
were  taken  using  a sharpshooter  spade,  trowel,  and  dish; 
this  approach  replaced  the  planned  method  of  composite  sam- 
pling at  predetermined  depth  intervals  within  a marked  0.1 
acre  plot.  The  method  utilized  provided  more  useful  infor- 
mation and  yet  met  the  investigation's  original  objectives. 
In  accordance  with  the  QA/QC  plan,  two  soil  pits  were  dug 
and  sampled  at  those  sites  requiring  field  duplicates 
(MultiTech  and  Stiller  and  Associates  1985). 

o The  sample  collection  tags  utilized  did  not  contain  an 
analyses  required  section.  These  requests  were  specified 
on  the  sample-specific  analytical  request  forms  completed 
at  time  of  trans f er-of-custody  to  sample  bank  personnel. 
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2.2.2  Vegetation  Sampling 


During  the  Phase  One  (Reconnaissance)  efforts,  18  plant  samples  were 
collected  at  16  sites.  Table  2-3  presents  sampling  dates,  species 
(or  genus)  sampled,  and  field  identification  numbers.  Additional 
site  information  is  found  in  Table  2-1,  while  site  locations  are 
shown  approximately  in  Map  2-1.  In  accordance  with  field  QA/QC 
requirements,  one  set  of  duplicate  samples  and  one  DI  water  blank 
were  collected  (MultiTech  and  Stiller  and  Associates  1985). 

The  methodologies  utilized  were  modified  somewhat  from  those  de- 
scribed in  the  Work  Plan;  such  changes  were  based  largely  on  prac- 
tical considerations  and  had  no  adverse  effect  on  the  integrity 
of  the  investigations.  The  major  changes  are  as  follows: 

» Plant  material  was  sampled  randomly  within  0.1  acre  plots 
having  the  initial  soil  pit  as  its  origin;  the  use  of 
four  approximately  1 sq.ft,  plots  per  site  was  rejected 
on  the  grounds  of  inadequate  biomass  gathered.  Vegetation 
sampling  occurred  concurrently  with  soil  pit  excavation  and 
sampling . 

f»  Given  the  drought  conditions,  plant  materials  were  not 
always  sampled  at  probable  time  of  maximum  protein  content, 
as  specified  in  the  Work  Plan.  However,  protein  content 
was  probably  approaching  this  maximum,  as  indicated  by  the 
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TABLE  2-3 

VEGETATION  SAMPLING  FIELD  DATA 
(IN  DOWNSTREAM  ORDER) 


Sanpling 
Site  No. 

Sanpling 

Date 

Sanple 

Taxoncmy 

Field  No. 

Canments(^) 

AlO 

6/27/85 

POPR 

AlO-l 

Kentucky  bluegrass  growing 
on  probable  control  site. 

All 

6/27/85 

CAREK 

A10-2(^) 

Unidentified  sedge  species 
(possibly  C.  nebraskensis ) 
on  suspected  tailings  con- 
taminated site  adjacent  to 
Silver  Bow  Creek. 

A1 

6/27/85 

AGSP 

A1 

Bluebunch  v^eatgrass 
at  probable  control 
site. 

A2 

6/27/85 

CAREX 

A2 

Uhidentified  sedge  species 
(possibly  C.  stenophylla  ) 
on  possibly  contaminated 
site. 

A3 

6/27/85 

ELCI 

CAREX 

A3-1 

A3-2 

Basin  wildrye  and  uniden- 
tified sedge  species 
(possibly  C.  nebraskensis) 
on  probably  contaminated 
site. 

T12 

6/28/85 

CAREX 

T-12 

Unidentified  sedge  species 
(possibly  C.  stenophylla) 
on  possible  control  site. 

T13 

6/28/85 

CAREX 

T-13 

Lhidentified  sedge  species 
(possibly  C.  stenophylla) 
on  probably  contaminated 
site. 

T14 

6/28/85 

MESA 

T-14 

Alfalfa  sampled  adjacent 
to  bare  ground  along  an 
old  lateral  of  the  Yellow 
Ditch,  and  presumed  to  be 
contaminated . 

T15 

6/28/85 

AVSA 

T-15 

Chlorotic  oats  (possibly 
Zn-induced  Cu  deficiency) . 
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TABLE  2-3 

VEGETATION  SAMPLING  FIELD  DATA  (Continued) 
(IN  DOWNSTREAM  ORDER) 


Sanpling 

Sanpling 

Sanple 

Canments^^^ 

Site  No. 

Date 

Taxonomy 

Field  No 

T16 

6/28/85 

MESA 

T-16 

Same  as  for  T-14. 

T17 

6/28/85 

MESA 

T-17 

Alfalfa  sanpled  fran  above 
the  lateral  ditch,  and 
possibly  a control  site. 

6/28/85 

n/a(c) 

Field  Blank 

DI  HOH  fran  laboratory. 

A6 

7/03/85 

ELCI 

A6-1 

IXiplicate  sanples  of 
Basin  wildrye  taken  at 

ELCI 

A6-2 

a possible  control  site. 

A7 

7/03/85 

ELCI 

A7 

Basin  wildrye  fran  probably 
contandnated  site. 

A12 

7/03/85 

ELCI 

A12 

Basin  wildrye  taken  fran 
above  the  E.  Valiton  Ditch, 
and  probably  a control  site. 

A13 

7/03/85 

ELCI 

A13 

Basin  wildrye  taken  fran  belcw 
the  E.  Valiton  Ditch,  and 
slightly  north  of  the  soil 
sanpling  sites  in  probably 
contandnated  ground. 

A9 

6/26/85 

BRIN 

A9 

Slnooth  brone  taken  at 
Dutton's  buried  mill 
tailings  site. 

(a) 

Cani^ients  taken 

from  field  notes 

• 

(d) 

Minor  error  in 

sanple  labeling. 

but  definitely  acquired  at  site  All. 

(c) 

N/A  means  Not  Applicable. 
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following  species  phenologies:  alfalfa  crops  were  begin- 

ning to  bloom  while  grass  (e.g.,  Basin  wildrye)  and  grass- 
like ( Carex ) species  were  forming  fruiting  bodies.  The  one 
exception  to  this  assumption  is  with  oats,  which  were 
sampled  in  the  "boot"  stage  of  development.  Finally,  the 
sites  selected  for  sampling  did  not  include  potatoes,  so 
this  crop  was  not  sampled. 

9 Although  250-400  grams  of  fresh,  washed,  biomass  were  taken 
for  each  species  at  each  site,  seedheads/ fruiting  bodies 
were  not  separated  from  the  vegetative  portions  (i.e., 
stems  and  leaves).  The  rationale  for  this  change  is  that 
no  mature  grain  crops  were  sampled;  rather,  the  plant 
materials  sampled  were  in  the  same  form  as  would  be  consumed 
by  livestock  and  wildlife  species. 

2.3  SAMPLE  PREPARATION 

All  soil,  vegetation,  and  field  QA/QC  samples  submitted  to  the  sample 
bank  were  processed  in  accordance  with  QA/QC  plan  requirements 
(MultiTech  and  Stiller  and  Associates  1985).  Pertinent  information 
was  transferred  from  the  chain-of-custody  sheets  and  analytical 
request  forms  to  the  sample  bank's  master  log  book. 
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2.3.1  Soils 


In  many  cases,  the  dried  and  sieved  sample's  weight  was  insufficient 
to  justify  splitting  into  three  separate  containers  as  planned  (Mul- 
tiTech  and  Stiller  and  Associates  1984a) . Consequently,  the  pro- 
cessed samples  were  bulked  in  plastic  sacks  and  stored  in  the 
sample  bank  until  needed  for  analysis.  The  physicochemical  analyses 
were  performed  using  the  -2mm  mesh  fraction,  including  the  material 
utilized  for  the  nitric  acid/hydrogen  peroxide  digest  prior  to 
total  trace  element  determinations. 

2.3.2  Vegetation 


Following  log-in,  ail  samples  were  transferred  immediately  to  a 
forced-draft  oven  set  at  40+  1°C.  They  remained  there  until  clearly 
dry  in  appearance,  but  never  for  periods  exceeding  48  hours.  The 
dried  samples  then  were  ground  and  prepared  in  accordance  with  the 
SBC  RI  Work  Plan  (MultiTech  and  Stiller  and  Associates  1984a) . 

2.4  SAMPLE  ANALYSIS 

The  soils  and  plant  samples  were  analyzed  by  standard  or  common 
methods  as  much  as  possible;  however,  some  analyses  required  metho- 
dological development  by  MultiTech  personnel.  Standard,  or  common- 
ly utilized,  methods  are  largely  incorporated  by  reference.  Less 
common  methods  are  described  thoroughly.  Overviews  are  presented 
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in  the  main  text,  while  technical  details  are  relegated  to  Attach- 
ments III  and  IV  for  soils  and  vegetation,  respectively. 

2.4.1  Soils 

2 . 4 . 1 . 1 pH 

The  20g:20mL  soilrDI  water  suspensions  (in  50  mL  plastic  beakers) 
were  stirred  intermittently  for  approximately  1 hr  prior  to  pH 
measurement;  each  suspension  was  stirred  well  (magnetically)  imme- 
diately prior  to  inserting  the  glass  electrode.  The  instruments 
used  included  an  Orion  Research®  pH/SIE  meter  (model  701A)  or  a 

Markson®  digital  pH  meter (model  88).  The  meters  used  were  recali- 
brated using  pH  4.0  and/or  7.0  standards  at  a frequency  of  1:10. 
If  significant  deviations  (i.e.,  _>.  ^.2  units)  occurred,  the  pre- 

vious set  was  reanalyzed. 

2. 4. 1.2  Electric  Conductivity  (EC) 

EC  was  determined  on  each  sample's  saturated  paste  extract  (see 

Section  2. 4. 1.4)  using  a Sybron/Barnstead®  conductivity  bridge 
(model  PM-70CB)  and  a Beckman®  small  volume  conductivity  cell 

(model  0731  DH)  . Measurements  were  performed  in  accordance  with 

the  instrument's  instruction  manual.  The  cell  constant  was  calcu- 
lated using  those  procedures  described  in  the  APHA's  (1980)  Stan- 
dard  Methods . 
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2. 4. 1.3  Mechanical  Analysis 

The  percent  (w/w)  sand,  silt,  and  clay  contained  in  the  unknowns  and 
QA/QC  samples  were  determined  using  a slightly  modified  version  of 
the  hydrometer  method  found  in  Sobek  et  (1978).  This  approach, 

developed  originally  for  analyzing  mine  soils  and  overburden,  gen- 
erates data  required  to  meet  project  objectives.  Furthermore,  the 
data  are  produced  at  a quicker  rate  than  the  ASTM  Method  D422-63 
("Particle-Size  Analysis  of  Soils").  Technical  details  for  the 
approach  utilized  are  given  in  Attachment  III. 

2. 4. 1.4  Saturation  Paste  Extract  and  Saturation  Percentage 

The  soil  paste  saturation  extract  procedures  utilized  are  described 
in  USDA  Handbook  No.  60  (Richards  et  al . 1954).  The  extracts  were 

pressure-filtered  through  Nalgene®  disposable  filter  disks  (0.45  ym) 
connected  to  a 50  mb.  capacity  syringe/plunger  system.  After  with- 
drawing several  mL  of  the  filtrate  for  the  EC  measurement,  the 
remaining  volume  was  acidified  (1%  v/v)  with  AR-grade  nitric  acid. 
The  sample  volumes  were  stored  in  polyethylene  bottles  in  the  sample 
bank  prior  to  AAS  analysis  for  Na,  K,  Ca  and  Mg. 

Saturation  percentage  was  calculated  from  oven-drying  data,  using 
that  formula  described  in  Richards  et  al . (1954). 
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2. 4. 1.5  Trace  Element  Plant  Available  Estimates 


The  extraction  system  utilized  to  estimate  trace  element  plant 
availability  was  determined  by  sample  pH.  If  the  pH  was  > 7,  a 

DTPA  extraction  was  used  (Lindsay  and  Norveii  1978).  If  the  pH  was 
<7,  freshly  prepared  IN  ammonium  acetate,  adjusted  to  pH  5.5  with 
ARgrade  glacial  acetic  acid,  was  utilized  (Knudsen  et  1982). 

The  following  modifications  to  the  Lindsay  and  Norvell  method  were 
made : 

• The  quantities  of  soil  and  extractant  were  doubled  (i.e., 
to  20  gm  soil  and  40  mL  DTPA  solution)  to  provide  adequate 
sample  volume  for  spectrometric  analysis; 

® Each  flask's  solid  contents  were  not  completely  washed  into 
the  filter,  nor  were  the  filtrates  diluted  to  some  standard 
volume,  as  these  steps  would  result  in  an  uncontrolled 
dilution  effect;  and 

o Each  filtrate  was  preserved  with  0.250  mL.  AR-grade  concen- 
trated HNO3,  then  refrigerated  in  polyethylene  bottles 
prior  to  ICP  or  AAS  quantitation. 

The  requisite  QA/QC  samples,  including  an  EPA  municipal  sludge 
(#1159),  were  treated  in  the  same  manner  as  the  unknowns. 
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2. 4. 1.6  Strong  Acid  Digestable  Trace  Element  Analyses 

The  USEPA  nitric  acid/hydrogen  peroxide  wet  ashing  procedure  was 
generally  utilized,  as  described  in  Tetra  Tech's  (1984)  Laboratory 
Analytical  Protocol.  However,  the  following  modifications  were 
made  : 


• Air-dried  materials  were  ashed  in  125  ml  Erlenmeyer  flasks 
with  reflux  caps  inserted;  and  the 

» Filtered  digests  were  diluted  to  50  ml  standard  volume,  so 
as  to  minimize  a second  round  of  digesting  for  furnace 
AAS  analysis. 

In  those  cases  where  an  element's  concentration  was  below  the 
flame  AAS/ICP  instrumental  detection  limits,  the  digestions  were 
repeated  without  utilizing  the  HCl  reflux  step.  The  requisite 
QA/QC  samples,  including  NBS  Estuarine  Sediment  (SRM  1646)  and  USEPA 
municipal  sludge  (#1159)  were  handled  in  the  same  manner  as  the 
unknowns . 

2. 4. 1.7  Plant  Available  Arsenic  Analysis 

In  accordance  with  the  USEPA 's  request  (Bishop  1985),  the  plant- 
available  arsenic  was  determined  using  a modified  version  of  the 
Halvorson  method . Variations  from  the  method  received  from  the 
USEPA  are  given  below: 
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extractant  (concentrated  AR- 


• The  quantities  of  soil 

grade  HCl)  were  doubled  (i.e.,  to  4.00  gm  soil  and  20,0  ml 
acid) ; 


• As  ICP  spectroscopy  was  utilized  (rather  than  hydride 
generat ion/AAS ) , the  extracts  were  initially  centrifuged 
at  2000  rpm  for  30  min,  20°C)  and  the  supernatant  volume 
withdrawn,  then  measured  to  the  nearest  1.0  mL; 

® Sufficient  DI  water  was  added  to  accomplish  a four-fold 
sample  dilution;  and 

«»  To  avoid  plugging  the  aspirator,  the  diluted  samples  were 
pressure-filtered  through  a Nalgene®  0.45  pm  filter  mem- 
brane with  the  filtrates  being  collected  in  3 oz . poly- 
ethylene bottles. 

As  ICP  spectroscopy  determines  total  arsenic,  a conversion  of 
As(V)  to  As(III)  was  not  necessary;  consequently,  no  KI  reductant 
solution  was  added  to  any  of  the  extracts.  The  pertinent  QA/QC 
samples,  including  USEPA  municipal  sludge  (#1691)  were  handled  in 
the  same  manner  as  the  unknowns. 


2. 4. 1.8  Extractable  Arsenic  and  Phosphorus  Analyses 


The  extractant 
dependent.  If 


system  utilized  to  determine  these  parameters  was  pH- 
sample  pH  was  >7,  the  Olsen  method  was  utilized  (Olsen 
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and  Sommers  1982).  However,  if  the  pH  was  <7,  the  Bray  method  was 
used  (Olsen  and  Sommers  1982).  The  analytical  scheme  is  shown  in 
Figure  2-1.  Soluble  arsenic  was  determined  using  hydride  genera- 
tion/AAS.  Soluble  phosphorus  levels  were  determined  by  spectro- 
photometric  measurement  of  the  660  nm  absorbing  phospho-paramolyb- 
date  complex  or  by  ICP.  The  pertinent  QA/QC  samples  were  treated 
in  the  same  manner  as  the  unknowns. 

2. 4. 1.9  Nitrate  Ion 

A 20  gm  soil: 40  mL  DI  water  suspension  was  prepared  and  treated 

as  described  in  Keeney  and  Nelson  (1982).  The  suspension  was 

filtered  through  Whatman  No.  42  paper,  and  the  Orion®  specific 

ion  electrode  (Part  No.  93-07)  then  inserted  into  the  filtrate.  As 

previous  investigations  (i.e.,  recovery  studies)  indicated  no  sig- 

-2 

nificant  interferences  from  such  competing  anions  as  SO^  , the  use 
of  nitrate  interference  suppressor  solution  was  judged  unnecessary. 
The  pertinent  QA/QC  samples  were  treated  in  the  same  manner  as  for 
the  unknowns . 

2.4.1.10  Extractable  Sulfate  Ion  and  Exchangeable  Potassium 

The  20  gm  soil:  50  ml  freshly  prepared  IN  ammonium  acetate  (pH=5.5) 
suspensions  were  shaken  in  125  mL  Erlenmeyer  flasks  for  30  minutes. 
The  suspensions  then  were  filtered  through  sulfate-free  Whatman  No. 
41  paper.  A 10.0  ml  aliquot  of  each  filtrate  was  analyzed  for  sul- 
fate ion  using  that  turbidimetric  method  described  in  Attachment  III. 
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FIGURE  2-1 

ANALYTICAL  SCHEME  FOR  THE  SOLUBLE  ARSE3SIIC  AND  PHOSPHORUS  DETERMINATICWS 


1:1  pH 


pH  <7  (Bray) 

I 

Place  5.00  gm.-2ran  mesa 
soil  in  125  ml.  Erlenmeyer 
flask,  add  35  inL  extractant 
solution  (0.03N  NH4F  and  0.025 
N HCl),  then  shake  for  1 hr. 


pH  > 7 (Olsen) 

- I 

Place  5.00  gm.-2  im  mesh 
soil  in  125  mL  Erlenmeyer 
flask,  add  50  mL.  extractant 
solution  (0.5M  NaHC03,  pH  8.5), 
then  shake  for  1 hr. 


Filter  through  Whatman  No. 

42  paper,  repeating  possibly 
a second  time  to  ensure  a 
clear  filtrate.  Record  filtrate 
volume  to  nearest  1.0  mL. 


I 

~ 20  mL  placed 
in  labeled  vial, 
for  As  determination 
by  HG/AAS , as 
described  on  pp. 
3-16,  3-17  in  the 
MultiTech  Laboratory 
SOP  Manual. 


2 mL  aliquot 
prepared  for 
piiospJiorus 
determination,  as 
described  on  pp.  3-13, 
3-14  in  the  MultiTech 
Laboratory  SOP  Manual. 


Filter  through  Whatman  No.  42 
paper,  repeating  possibly  a 
second  time  to  ensure  a clear 
filtrate.  Record  filtrate 
volume  to  nearest  1.0  mL. 


~20  mL  placed  in 
labeled  vial,  then 
acidified  to  pH=2 
with  concentrated 
H2SO4,  for  As 
determination  by 
HG/AAS  as 
described  on  pp. 

3-16,  3-17  in 
the  MultiTech 
Laboratory  SOP  Manual. 


2 to  5 mL  of 
filtrate  prepared 
for  phosphorus 
determination,  as 
described  cn  pp. 
3-13,  3-14  in  the 
MultiTech  Labora- 
tory SOP  Manual. 
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The  remainder  of  the  filtrate  was  used  for  potassium  determination 
using  flame  AAS . The  pertinent  QA/QC  samples  were  treated  in  the  same 
manner  as  for  the  unknowns. 

The  potassium  nutrient  status  was  estimated  via  subtracting  the 
water  soluble  (saturation  extract)  K values  from  the  exchange- 
able K values  (Knudsen  ^ 1982) . To  correct  for  probable  Kg 
fixation--as  a result  of  using  air-dried,  not  field  fresh,  samples 
— the  NH4OAC  solution  was  acidified  rather  than  using  the  conven- 
tional pH  7.0  solution. 

2.4.1.11  Total  Sulfur 

One  gram  samples,  weighed  to  the  nearest  0.1  mg,  were  mixed  uniformly 
with  an  excess  ( ~4gms . ) of  Eschka's  mixture  and  heated  to  800®C  in  a 
muffle  furnace.  The  resulting  sulfate  then  was  dissolved  in  water, 
filtered  and  finally  quantified  using  turbidimetric  procedures. 
The  pertinent  QA/QC  samples  were  treated  in  the  same  manner  as  for 
the  unknowns.  Details  are  presented  in  Attachment  III. 

2.4.2  Vegetation 

2. 4. 2.1  Trace  Element  Analyses 

Subsamples  were  withdrawn  from  the  storage  vials  and  wet  ashed 
using  a nitric  acid/perchloric  acid/hydrogen  peroxide  system,  de- 
scribed in  Attachment  IV.  The  field  blank,  two  different  NBS  SRMs 


2-20 


i Ik-' ii9^U 

...  T al  . .1^  " 


" , «**»i  t nftT 
:\  ! •HU 

, ■"■'•trni'i 


• *.  ^ wv  i.»  JiSflll.r**'*  >llifcl' I . iin 

».<*  1 f/TiJlXi  »W® 

-i  .i,-.,.ac..-  t- •.  * -w  <.1  -it 

, . ! ..-teB*.'  bis,!,.  30C  ,:.oiU>-uA«  S'-**^  . i •.*« . 


i # ♦ 


..nr 


• i 


■v-'V^’' 

•*. 


■-.,■#'  ^ • ' '*•' 
. , - I.'  ’ • t J 


jn 


■'.  i.  - 


»•  ♦ 


!B^  .e*  ;.■->  .•-'-••n  vi  t^!-..S.' 

• »i  V J -S  QJ  '-K».  ^ b-*  •••Nl-*'*  1-’  ' 

.■j--o«r  OX  t.»B-  -e»xE.  • .p-  fen.  * •:- 

,i®-ub-o^q  -.■tuwr.ibi-jrur  pru«!'  Ztiti-no^P  fliiKi 

,ot  »o  r ■ e.'^  ■>'<’  «*■’■ 


1^^'  ' ? 0 ' -A  ■•■ 

,'  ♦ :w 

% 1 

' •■'-kt' 

f f t i ^ 

. -1  ..  {-  ,■  (T  . -M*- 

■V  '*  J 


s;  i 


- B B Artl  irtr  •' 

hvflAS  * %T  « .04* 

.«t,  . ■ x.x  .H.U='* 


,.m  ■'•  '■  - i"'**-'  ’ ' ' 

I 4 .<  J L • 1 ^ • -X 

♦ • » ♦'‘•JO  u 


(i.e.,  orchard  leaves  and  citrus  leaves)  and  other  pertinent  lab- 
oratory-generated QA/QC  samples  were  also  digested  using  this 
procedure  . 

The  digests,  once  diluted  to  standard  (50  mL)  volume,  were  analyzed 
for  total  concentrations  of  arsenic  (As),  cadmium  (Cd),  copper 
(Cu),  iron  (Fe),  manganese  (Mn),  lead  (Pb),  and  zinc  (Zn)  using  ICP 
or  AAS  spectrophotometric  procedures.  Samples  were  "screened"  ini- 
tially using  the  ICAPES;  the  AAS  subsequently  was  used  to  analyze 
arsenic  concentrations  present  below  the  ICAPES'  working  detection 
limit.  The  element-specific  methodologies  followed  closely  those 
described  in  the  USEPA's  (1983)  Manual  - for  Water  and  Wastewater. 
Occasionally,  the  methods  were  modified  slightly  to  accommodate  in- 
tersample matrix  variability.  Such  modifications  are  documented  in 
the  raw  data  report  forms  on  file  at  MultiTech;  these  reports  were 
prepared  in  a manner  similar  to  those  required  for  USEPA  contract 
laboratories . 

The  QA/QC  samples  generated  by  the  analytical  laboratory  either  met 
or  exceeded  program  requirements  (MultiTech  and  Stiller  and  Associ- 
ates 1985 ) . 

2. 4. 2. 2 Crude  Protein  Estimates 

A Labconco®  brand  micro-K jeldahl  distillation  unit  was  used  to  deter- 
mine percent  K jeldahl  nitrogen.  Technical  details  for  its  opera- 
t ion--f ollowing  closely  the  manufacturer's  suggested  methodology — 
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are  described  in  Attachment  IV.  The  appropriate  QA/QC  samples  were 
also  analyzed,  including  NBS  SRM  1571  (orchard  leaves),  by  this 
same  procedure. 

The  percent  nitrogen  data  can  be  converted  to  percent  (w/w)  crude 
protein  by  dividing  (the  former  values)  by  6.25.  This  conversion 
factor  assumes  that  plant  proteins  on  average  contain  about  16%  N 
(Allen  1974) . 

2. 4. 2. 3 Total  Phosphorus  Analyses 

Total-P  was  determined  using  essentially  a two-step  procedure. 
Initially,  dried,  ground,  plant  materials  were  wet  ashed  using  a 
combination  of  concentrated  nitric,  perchloric,  and  sulfuric  acids. 
The  digestates  were  filtered,  the  filtrates  diluted  to  standard 

« 

volume,  and  aliquots  withdrawn  for  phosphorus  analysis  by  ICP. 
Technical  details  are  described  in  Attachment  IV.  The  appropriate 
QA/QC  samples,  including  NBS  orchard  and  citrus  leaves,  were  also 
analyzed  by  this  procedure. 

2. 4. 2. 4 Total  Sulfur  Analyses 

Total  sulfur  was  determined  in  the  same  manner  as  for  soils,  as 
described  in  Subsection  2.4.1.11  and  Attachment  III.  The  pertinent 
QA/QC  samples,  including  NBS  citrus  leaves,  were  treated  in  the 
same  manner  as  for  the  unknowns. 
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2.5  DATA  ANALYSIS 


2.5.1  Quality  Assurance/Quality  Control  Considerations 

The  parameter-specific  QA  data  sets  were  inspected  to  ensure  that 
the  associated  raw  data  were  of  acceptable  quality.  These  evalua- 
tions utilized  the  following  statistical  variables:  known  sample 

agreement  (KSA),  spiked  sample  recovery  (SSR)  and  replicate  sample 
agreement  (RSA).  Definitions  for  these  variables,  as  well  as  QA  data 
for  soils  and  vegetation,  are  presented  in  Attachment  V.  These  data 
were  used  to  prepare  the  following  statistical  summaries  for  soils: 

• Instrumental  QAs  (i.e.,  KSAs , SSRs,  RSAs ) averaged  98  ± 
8%  (n  = 286 ) ; 

• Sample  Bank  QAs  (as  above)  averaged  100  ± 19%  (n=186); 
and 

• Field  Duplicate  and  Colocated  Sample  QAs  averaged  109  ± 

24%  (n  = 129)  . 

Similarly,  these  same  summaries  for  plant  materials  are  given  below: 
Instrumental  QAs  averaged  100  ± 5%  (n  = 73); 

• Sample  Bank  QAs  averaged  94  ± 20%  (n  = 43);  and 

• Field  Duplicate  Sample  QAs  averaged  106  ±30  (n  = 9) . 

These  summaries  document  two  important  QA  considerations:  first, 

instrumental  and  sample  bank  QA/AC  goals  were  attained  for  both 
soils  and  plant  materials;  secondly,  the  variability  intrinsic  in 


2-23 


■ :•/ 


■ -4 


j ^’vut^^rA  - ilAvQ  ; , e , ! 


<•*  ?l9%  AJ|»  - ■*',  '■  nil;- M.J, 


1 _ 

n *•  . «9.*fT 


-.1  'ev-,  , -.*w  »«t  e*i,,  .-  ,,,J 

•>4«tiMr  •wt.T  r*'!  • s«ai  Y»*vc-.I  t*i«i.,€  ■> 

M#fc  *0  !.,v.  ,4  ...iff, 


.4*#  »il 


i 1 1..<  <4 


/.  W . , «iT»p  , , V « . i f 


■•'  ■■■'  ♦'.il  * 

k • n)  fb 

f I 1^1  t QO^  rh  :.G£>  a A f v /,  j ^nji«  « i qsuA2  * ♦ 

Lrt, 


♦ t c-nw  « c<.  ifcn  . i 'i* 

•* .* » V 1 iqt.'.' 

i t i»  I i 

( <■■  - 

'1 ) »t  . 

'■  • IS  i 1 

Ijf-  fl  J<‘it  i»7  ' 1 ®K* 

> * , : 

• t 1 1 ► i 4i*U? 

t f . " 

.1;  'J!  ‘ vj 

• 4^/  i « . •%*■ 

: -■  i.  T 

>'  * 1 t 

» .n)  i>*  » * 1*- 

i U ft 

' rii.i 

- y 1 

A ’“^vr 

• f|fi«n 

A i • : ** 

• 4i-»  a 


'«-  ' •..•?;  » 


.-  •'  * 


s fa 

M J . 


\ i ItfH/tr  » k 


i<:  ' 1. 


tliese  materials  resulted  in  exceeding  the  duplicate  sample  agree- 
ment (DSA)  goal  of  100  ± 20%,  despite  careful  efforts  to  collect 
representative  samples. 

Attachment  V indicates  that  colocated  samples  S328  and  S329  are 
responsible  for  much  of  the  soil  sampling  error.  These  0-4  in. 
grab  samples  were  collected  within  40  feet  from  the  A13  soil  pit 
and  25  feet  from  each  other.  The  DSA  values  for  such  parameters 
as  EC,  alkali/alkaline  earth  metals,  plus  soluble  (S0^“^)  sulfur 
and  total  sulfur  levels  exceeded  130%.  This  potential  variability 
was  accounted  for  during  data  evaluation. 

Taole  2-4  summarizes  the  QA/QC  data  for  heavy  metals  analyses  of 
Silver  Bow'  Creek  soils  and  vegetation.  Three  observations  can  be 
made  from  Part  A of  this  table: 

• The  ICP  and  AAS  systems  utilized  were  functioning  well  within 
the  set  (generally  100  ± 15%)  QA/QC  bounds; 

• Hal vor son-extract  arsenic  KSAs  exceed  the  set  bounds,  but  are 
within  the  USEPA  95%  confidence  limits  for  arsenic  in  munici- 
pal sludge,  while  iron  and  manganese  KSAs  indicate  low  recover- 
ies (possibly  due  to  incomplete  dissolution  of  the  sample 
matrix,  as  HE  was  not  used).  Spiked  sample  recoveries  were 
done  only  for  arsenic  and  zinc,  with  particularly  low  results 
observed  (and  are  probably  due  to  inadequate  concentration  of 
analyte  in  the  spike).  However,  overall  analytical  precision 
(as  measured  by  RSA)  was  good;  and 
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leld  Duplicates 

DSA%  100  ± 15(4)  117  ± 10(4)  111  ± 12(5)  124  ± 14(4)  124  ± 17(5)  79  ± 28(4)  121  ± 19(5) 
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• The  DSAs  for  cadmium,  iron,  and  lead  exceeded  slightly  the 
goal  of  100  ± 20%.  No  particular  sample  pair  can  be  isolated 
to  explain  these  results.  However,  the  effect  of  natural 
variability  in  heavy  metals  content  on  the  average  DSA  may  be 
magnified  as  a result  of  the  relatively  small  sample  size 
examined . 

Regarding  plant-available  QA  data  (Table  2-4,  part  B),  the  instru- 
mental systems  utilized  were  working  well  within  the  set  bounds  of 
quality  control.  Several  USEPA  municipal  sludge  samples  were  sub- 
jected to  the  extraction  procedure;  however,  as  the  certified  lev- 
vels  were  for  total  metals  content,  no  KSAs  could  be  calculated. 
Spiked  sample  recoveries  were  performed  only  for  arsenic  and  copper, 
with  particularly  high  results  observed  for  arsenic.  Overall  analy- 
tical precision  was  good.  Duplicate  sample  agreement  values  exceed- 
ed the  stated  goal  for  all  elements  but  arsenic.  A major  factor 
contributing  to  this  exception  is  the  results  for  the  co-located 
pair  S328-329,  where  all  measured  heavy  metals  but  arsenic  were 
well  outside  of  the  80-120%  QC  bounds.  The  DSA  heavy  metal  values 
for  this  pair  ranged  from  46%  for  lead  to  151%  for  zinc. 

The  plant  heavy  metals  QA  data  (Table  2-4,  Part  C)  also  demonstrate 
well-functioning  ICP  and  AAS  instrumentation.  The  sample  bank 
KSA  values  are  in  control,  except  for  cadmium.  Sample  digestates  were 
analyzed  for  cadmium  by  ICP  and  by  graphite  furnace  AAS,  with  essen- 
tially the  same  results.  The  cadmium  KSAs  are  partly  explained  by 
the  difficulty  in  accurate  determination  of  the  small  (<0.11yg/g) 
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concentrations  present  in  the  standard  reference  materials.  Only 
one  SSR  (for  copper)  was  performed,  with  satisfactory  results.  The 
large  RSA  for  iron  is  probably  not  due  to  contamination  incurred  in 
either  the  grinding  or  digestion  processes;  one  possibility  is 
incomplete  washing  of  the  material  while  in  the  field,  although 
this  also  seems  unlikely.  The  DSAs  for  copper  and  lead  exceed  the 
upper  bound  of  the  QA  goal's  range;  no  DSA  was  calculated  for  cadmium 
as  one  of  the  values  was  below  the  ICP  detection  limit.  Two  sepa- 
rate sets  of  plants  were  sampled  at  site  A6 . It  is  hypothesized 
that  differences  existed  in  soil  (plant  available)  copper  and  lead 
levels,  thus  resulting  in  one  set  of  plant  materials  being  relative- 
ly contaminated. 

When  corrective  action  was  judged  necessary,  the  "out-of-control " 
samples  were  reprocessed.  Such  actions  ranged  from  instrumental 
reanalysis  of  a digestate,  to  complete  reanalysis  of  a particular, 
solid,  sample.  The  validated  data  were  then  organized  either  by 
sample  ( "upgradient-downgradient " ) pair  or  by  landowner  site,  as 
applicable.  Arithmetic-based  descriptive  statistics  were  prepared 
for  the  duplicate  sample  results.  Plant  available  heavy  metal 
(soils)  data  were  converted  to  common  logarithms  prior  to  calculation 
of  various  correlation  coefficients. 

2.5.2  Soils 

The  validated  data  for  each  soil  parameter  were  compared  against 
the  "expected  range"  and  "elevated  condition"  values  presented  in 
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Section  VI. 1 of  Attachment  VI.  The  heavy  metal  parameters  were 
given  particular  attention,  as  discussed  below. 

A two-part  process  was  used  to  evaluate  whether  particular  total 
heavy  metal  levels  exceeded  the  expected  geochemical  background 
levels,  through  data  obtained  during  a li'terature  search:  first, 
the  probable  geologic  parent  material  for  each  site  was  determined, 
and  then  the  probable  range  in  element-specific  concentration  for 
uncontaminated  soils  formed  on  the  particular  rock  type  was  deter- 
mined (Pendias  and  Pendias  1984) . 

Those  laboratory  values  which  exceeded  the  upper  bound  of  the 
pertinent  "background"  value  and  which  fell  within  the  range  ob- 
served at  sites  contaminated  by  nonferrous  metal  mining  and/or 
processing  were  flagged  by  single  asterisks  (see  Section  3.0). 
Strong  acid  extractable  arsenic  values  were  not  judged  as  being 
elevated  unless  they  were  at  least  150%  of  the  upper  bound  for  the 
geochemical  background  value.  This  was  done  in  response  to  the 
consistently  high  sample  bank  KSA  results  discussed  previously 
(Table  2-4,  Part  A).  Similarly,  given  the  low  sample  bank  KSAs  for 
iron  and  manganese,  the  sample  specific  results  were  doubled  to 
evaluate  the  possibility  of  elevated  levels  for  these  metals. 
Preliminary  assessments  of  phytotoxicity  resulting  from  the  elevat- 
ed heavy  metal  levels  were  performed  using  those  criteria  developed, 
through  literature  review  by  Dr.  Douglas  Dollhopf  et  (1986). 
These  assessments  should  be  evaluated  in  conjunction  with  limitations 
explained  in  Attachment  VI. 
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However,  the  presence  of  geochemically  elevated  levels  of  a given 
element  does  not  translate  necessarily  into  a serious  environmental 
concern.  For  exainple,  many  interacting  soil  factors  affect  heavy 
metal  availability  (Harmsen  1977),  while  the  "soil-plant  barrier" 
can  in  some  cases,  mitigate  transport  into  the  food  chain  (Adriano 
1985).  Thus,  plant-available  data  also  were  generated  to  assess 
the  potential  for  phytotoxicity  and  possibly  bioaccumulation  ef- 
fects . 

A two-phased  approach  was  used  to  evaluate  the  plant  available 
information.  First,  those  levels  which  may  adversely  affect  crop 
production  or  revegetation  efforts  were  flagged  with  double  aste- 
risks (see  Section  3.0).  This  effort  utilized  Table  4.5-7  in  the 
Work  Plan,  a coal  mine  reclamation  paper  by  Schafer  (1979),  and  the 
criteria  developed  by  Dollopf  e^  a^.  (1986).  Secondly,  the  prob- 
able chemical  speciation  of  each  heavy  metal  may  be  assessed  by 
reference  to  the  qualitative  pH-Eh  stability  diagrams  shown  in 
Attachment  VII. 

The  reclamation-  and  agricultural-related  parameter  results  were 
evaluated  by  reference  to  guidelines  contained  in  Schafer  (1979) 
and  those  prepared  by  the  Cooperative  Extension  Service  (Montana 
State  University  Various  Dates).  The  values  utilized  are  shown  in 
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2.5.3  Plant  Materials 


The  heavy  metals  data  were  evaluated  in  a manner  similar  to  that 
used  for  assessing  the  acid  extractable  soils  data.  Key  evaluation 
criteria  are  presented  in  Attachment  VI;  Pendias  and  Pendias  (1984) 
was  consulted  occasionally  as  well . Those  laboratory  values  which 
exceeded  the  upper  bound  of  the  pertinent  "background"  value  and 
which  fell  within  the  range  observed  at  sites  contaminated  by 
nonferrous  metal  mining  and/or  processing  were  flagged  by  single 
asterisks  (see  Section  3.0).  Cadmium  values  were  not  judged  to  be 
elevated  unless  they  were  at  least  115%  of  the  upper  bound  for  the 
biogeochemical  background  value.  This  was  done  in  response  to  the 
consistently  high  sample  bank  KSA  result  discussed  previously 
(Table  2-4,  Part  C).  Once  the  elevated  levels  were  identified, 
they  were  screened  for  potential  toxicity  to  livestock  via  refer- 
ence to  Part  B of  Table  4.5-10  in  the  Work  Plan  (MultiTech  and 
Stiller  and  Associates  1984a)  and  to  the  toxicity  criteria  develop- 
ed by  Dollhopf  et  al . (1986).  Heavy  metal  concentrations  which 
probably  constitute  a threat  to  livestock  consuming  them  were  then 
denoted  using  two  asterisks.  (see  Section  3.0  Tables). 

The  principal  reference  used  for  evaluating  macronutrient  (nitrogen, 
phosphorus,  sulfur)  data  was  that  edited  by  Chapman  (1973).  The 
assessments  for  grass  species  also  utilized  the  report  by  Hamilton 
and  Lang  (1961).  Supplemental  references  for  alfalfa  included 
those  by  Rominger  et  al . ( 1975),  plus  Pumphrey  and  Moore  (1965). 
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3.0  DATA  INTERPRETATION 


This  section  presents  the  field  and  laboratory  data  gathered  at 
each  of  the  six  Phase  One  sampling  sites.  The  site  discussions  are 
ordered  in  a "downstream"  direction;  thus,  Thurmond's  sites  are 
discussed  first,  while  Dutton's  site  is  discussed  last  (see  Map 
2-1).  Each  site  discussion  includes  (1)  a brief  site  description/ 
site  map;  (2)  tabulated  analytical  data  for  soils  plus  narrative; 
and  (3)  tabulated  analytical  data  for  vegetation,  plus  narrative. 
Site-specific  technical  details  are  presented  in  Attachment  VIII. 

3.1  THURMOND'S  SITES 

The  Thurmond  sites,  AlO  and  All,  were  both  in  pastureland:  AlO  is 
upgradient  (uphill)  from  All.  The  two  sites  are  shown  on  Map  3-1. 

Site  AlO  is  midway  on  a moderately  sloping,  north-facing  alluvial 
fan.  Erosion  is  moderate.  The  site's  perennial  vegetation  (clover, 
bluegrass,  and  bromegrass)  is  irrigated  from  a well  and  is  used  for 
livestock  forage.  The  soil  texture  is  coarse-loamy.  It  probab- 
ly is  derived  from  alluvial  and  lake  deposits,  including  volcanic 
ash  and  mudflow  materials. 

Site  All  is  about  30  ft  from  Silver  Bow  Creek,  on  a gently  sloping, 
northwest-f acing  alluvial  fan.  Erosion  is  moderate.  The  site's 
perennial  vegetation  is  irrigated  by  water  pumped  from  Silver  Bow 
Creek.  All's  soil  texture  also  is  coarse-loamy.  The  soil  sample 
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was  taken  from  a horizon  which  contained  a mixture  of  mill  tailings 
and  alluvial  materials.  The  horizon  overlays  flood-reworked  sedi- 
ments that  include  silt  lenses,  gravelly  sand,  and  pockets  of  what 
appear  to  be  railroad  ballast.  At  the  time  of  sampling  (see  Table 
2-3),  depth  to  water  table  was  17  in. 

3.1.1  Soils  Data 

3 . 1 . 1 . 1 Site  AlO 

Laboratory  results  for  Site  AlO  are  shown  in  Part  A of  Table  3-1. 
No  salinity  and  only  low  sodium  hazards  are  evident  within  the 
paraneutral,  sandy  loam  horizon  sampled.  Macronutrient  levels 
range  from  adequate  (for  nitrogen)  to  very  low  (for  phosphorus), 
but  are  not  necessarily  deficient.  Acid  digestable  ("total")  and 
extractable  ("plant-available")  heavy  metal  levels  are  generally 
within  expected  ranges.  The  two  possible  exceptions  are  total 
arsenic  and  cadmium,  as  both  exceed  the  expected  upper  bounds  of 
25  vig/g  and  1.61  ug/g.,  respectively,  for  soils  formed  on  volcanic 
rocks  (Pendias  and  Pendias  1984).  Total  sulfur  and  extractable 
sulfate  levels  are  within  the  expected  ranges. 

3. 1.1. 2 Site  All 

Laboratory  results  for  this  site  are  shown  in  Part  B of  Table  3-1. 
No  salinity  and  only  low  sodium  hazards  are  evident  within  the 
paraneutral,  sandy  loam  horizon  sampled.  Macronutrient  levels  range 
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from  very  low  (if  not  deficient  for  exchangeable  potassium,  Kg)  to 
low.  Total  levels  of  arsenic,  cadmium,  copper,  lead,  and  zinc 
clearly  exceed  their  respective  geochemical  background  levels  (see 
Attachment  VI).  With  the  exception  of  lead,  the  plant-available 
levels  of  these  same  elements  also  exceed  their  respective  back- 
ground concentrations.  The  cumulative  concentration  of  extract- 
able  heavy  metals  (particularly  arsenic,  copper,  and  zinc)  appears 
to  be  at  a phytotoxic  (plant  killing)  level,  despite  the  presence 
of  nearly  100%  vegetative  cover.  Possibly, the  seedlings  of  those 
plant  species  present  are  tolerant  to  heavy  metals,  and  metal 
concentrations  decrease  rapidly  (to  generally  nonphytotoxic  levels) 
within  the  unsampled  portion  of  the  rooting  zone.  Total  and  ex- 
tractable sulfur  levels  are  very  slightly  and  definitely  elevated, 
respectively.  Given  the  elevated  metals  levels,  such  elevated 
sulfate  ion  levels  could  arise  from  weathering  of  pyritic  minerals 
contained  in  the  mill  tailings. 

3.1.2  Plant  Data 

All  of  the  heavy  metal  results  at  site  AlO  are  within  their  respec- 
tive biogeochemical  background  levels.  The  same  can  be  said  of  the 
nitrogen,  phosphorus,  and  sulfur  levels  (Chapman  1973);  however, 
nitrogen  is  on  the  upper  end,  while  phosphorus  is  on  the  lower  end, 
of  the  expected  range.  Furthermore,  the  nitrogen : sulfur  ratio 
indicates  a possible  borderline  deficiency  in  sulfur,  even  though 
plant  values  are  moderate. 
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At  Site  All,  iron  is  clearly  elevated  while  zinc  is  slightly  elevat- 
ed. The  remaining  elements  are  present  within  their  respective 
biological  and  geochemical  background  levels;  however,  arsenic 
concentration  is  probably  at  the  upper  bound  of  the  expected  range. 
None  of  these  elevated  elements  are  present  at  levels  toxic  to 
cattle  (MultiTech  Work  Plan  1985;  Dollhopf  et  al . 1986).  The 
levels  of  nitrogen,  phosphorus  and  sulfur  appear  to  be  within  their 
respective  backgrounds.  More  specifically,  nitrogen  is  moderate  to 
low,  phosphorus  is  low,  and  sulfur  is  at  the  high  end  of  the  back- 
ground range . 

3.2  KONDA'S  SITES 

Three  sites,  identified  as  Al  through  A3,  were  sampled  within  Konda ' s 
field.  These  sites  represent  a contamination  gradient,  from  the 
relatively  clean  Al  upland  site  to  the  apparently  contaminated  A3 
flood-channel  site.  Site  Al  is  above  the  inactive  Miles  Ditch,  and 
Site  A2  is  below  it.  All  three  sites  are  shown  in  Map  3-2,  and 
contain  fine-loamy  soils. 

Site  Al  is  located  on  a gently  sloping,  south-southwest  facing 
footslope  of  an  alluvial  fan.  It  is  adjacent  to  foothills  and 
outcrops  of  volcanic  origin.  The  well-drained  site  exhibits  medium 
permeability  and  is  slightly  eroded.  The  vegetation  is  representa- 
tive of  shallow,  saline  rangeland  sites,  which  also  were  observed 
in  the  Deer  Lodge  Valley  (Ross  and  Hunter  1976).  The  predominant 
uses  of  these  subirrigated  lands  is  forage  production  and  livestock 


grazing  . 
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site  A2  is  located  on  a level,  south-southwest  facing  slope  of  an 
alluvial  fan.  Site  drainage  is  moderate,  permeability  is  medium, 
and  present  erosion  is  slight.  Sedge  and  rush  predominance  indicates 
a wetland/subirrigated  range  site  (Ross  and  Hunter  1976).  Hay  is 
harvested  for  livestock  from  this  land. 

Site  A3  is  located  on  level  ground  within  an  historic  flood-channel. 
Site  drainage  is  poor  to  moderate,  premeability  is  medium,  and 
erosion  is  moderate.  Salt  seeps  are  common,  and  vegetative  cover 
was  about  50%.  Sandy,  rust-colored  mill  tailings  were  observed 
scattered  throughout  the  soil  between  15  and  30  in.  deep.  The  water 
table  was  encountered  at  43  in. 

3.2.1  Soils  Data 

3 . 2 . 1 . 1 Site  A1 

Laboratory  results  for  Site  A1  are  shown  in  Part  A of  Table  3-2. 
Soil  reaction  changes  from  moderately  alkaline  to  very  strongly 
alkaline  with  increasing  depth.  The  electrical  conductivity  (EC) 
values  within  the  upper  22  in.  of  soil  indicate  a high  salinity 
hazard;  the  soil  profile  is  also  sodium-affected.  Exchangeable 
potassium  (Kg)  is  adequate  within  the  rooting  zone,  while  nitro- 
gen and  phosphorus  levels  are  moderate  to  high  (implying  recent 
fertilizer  addition) . Total  and  plant-available  heavy  metal  levels 
are  generally  within  their  expected  ranges,  with  the  possible 
exceptions  of  total  and  plant-available  arsenic  and  total  cadmium. 
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(c)  An  asterisk  (*)  signifies  a biogeocihetTiically  elevated  (concentration  of  a partitcular  element,  as  judged 
by  literature  review.  Two  asterisks  (**)  signifies  probable  pbytotoxic  tconditicns  in  plant  materials 
cind/or  soils. 
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The  rationale  for  this  assessment  is  the  same  offered  for  Site  AlO. 
Total  and  extractable  (SO^”^)  sulfur  levels  are  clearly  elevated 
within  the  uppermost  12  in.  and  uppermost  22  in.  respectively. 
Soil  salinity  and  alkalinity  may  result  from  salts  evaporated  from 
shallow  ground  water  as  it  travels  by  capillary  action  to  the 
surface.  These  salt  accumulations  may  include  relatively  high 
levels  of  sodium  sulfate  (Na2S04)  and  possibly  dibasic  calcium  arse- 
nate ( CaHAs04) . 

Plant-available  correlations  were  calculated,  using  the  logarithm 
of  the  heavy  metal  concentration  (log  [HM])  as  the  dependent 
variable,  and  depth,  pH,  and  log  [HM]s  as  the  independent  variables. 
The  results  are  shown  in  Table  3-3,  Part  A,  which  lead  to  three 
major  observations: 

3 Non-significant  (p>0.10)  inverse  associations  occur 
between  plant-available  levels  and  soil  depth; 

9 With  the  exception  of  lead,  significant  (p<0.10)  to  highly 
significant  (p<0.05)  inverse  associations  occur  between 
plant-available  levels  and  soil  pH;  and 

a Copper,  iron,  and  manganese  are  tied  for  the  greatest 
number  of  highly  significant  positive  associations  with  the 
other  elements,  while  lead  exhibited  non-significant  associ- 
ations with  all  of  the  other  elements. 
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TABLE  3-3 

PLANT  AVAILABLE  CORRELATIONS  SUMMARY  FOR  TWO  OF  THE  KONDA  SITES 
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TABLE  3-3 
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3. 2 . 1 . 2 Site  A2 


Laboratory  results  for  the  "Al"  horizon  sampled  are  presented  in  Table 
3-2,  Part  B.  The  moderately  alkaline  silt  loam  exhibits  slight 
salinity  and  moderate  sodicity  hazards.  Exchangeable  potassium 
(Kg)  is  very  high,  while  nitrogen  and  phosphorus  levels  are  both 
moderate  to  high.  Total  levels  of  arsenic,  cadmium,  copper,  lead, 
and  zinc  exceed  their  respective  upper  bounds  of  geochemical  back- 
ground levels.  With  the  exception  of  zinc,  the  same  can  be  said 
for  the  plant-available  levels.  The  absence  of  gross  phytotoxicity 
(excepting  zinc)  may  be  due  to  the  chelation  potential  of  the 
horizons  within  the  rooting  zone,  which  are  probably  rich  in  or- 
ganic matter.  Total  and  soluble  sulfur  levels  are  present  within 
their  expected  background  levels. 

3 . 2 . 1 . 3 Site  A3 

Laboratory  results  for  Site  A3  are  shown  in  Part  C of  Table  3-2. 
Soil  reaction  is  paraneutral  throughout  the  generally  loamy  profile. 
The  salinity  hazard  is  slight,  while  the  sodium  hazard  is  moderate. 
Macronutrient  levels  range  from  high  for  nitrogen  to  low  for  both 
phosphorus  and  potassium.  The  total  levels  of  arsenic,  cadmium, 
copper,  manganese,  lead,  and  zinc  exceed  their  respective  geochem- 
ical background  levels,  as  measured  within  the  upper  30  in.  of  the 
soil  profile.  With  the  exceptions  of  copper  and  manganese,  the  same 
can  be  said  for  the  plant-available  heavy  metal  levels.  The  cumu- 
lative plant-available  metals  concentration  is  probably  phytotoxic 
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to  seedlings,  and  consequently  the  condition  of  the  vegetation  is 
poor.  Total  and  soluble  (S0^~^)  sulfur  levels  are  elevated  through- 
out the  profile,  possibly  due  to  the  presence  of  partially  weathered 
pyritic  minerals  contained  within  the  mill  tailings. 

Plant-available  correlations,  prepared  as  discussed  for  Site  A1 , 
are  shown  in  Part  B of  Table  3-3.  Three  major  observations  from 
the  table  are  as  follows: 

9 Non-significant  associations  occur  between  plant-available 
levels  and  soil  depth; 

® Only  copper  exhibited  a highly  significant  positive  associa- 
tion with  pH;  and 

o Cadmium  and  manganese  are  equal  in  the  greatest  number  of 
highly  significant  associations,  while  copper  exhibited 
non-significant  associations  with  all  of  the  other  elements. 

3.2.2  Plant  Data 

With  the  exception  of  lead,  the  remaining  heavy  metals  levels  at  Site 
A1  are  within  their  expected  biogeochemical  backgrounds.  The  lead 
contamination  is  puzzling,  given  the  probable  absence  of  motor  ve- 
hicle exhaust  and  the  relatively  low  plant-available  levels;  the 
QA/QC  data  in  Attachment  V indicate  no  error  in  either  the  digestion 
or  instrumental  (quantitation)  steps.  The  levels  of  nitrogen. 
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phosphorus,  and  sulfur  are  within  their  respective  background 
ranges.  Nitrogen  and  phosphorus  levels  are  moderate,  while  the  sul- 
fur level  is  raoderate-to-low . The  nitrogen : sulfur  ratio  of  ~24 
indicates  a probable  sulfur  deficiency,  despite  the  high  soil  sul- 
phate levels  within  the  rooting  zone. 

With  the  possible  exception  of  arsenic,  the  heavy  metals  levels  at 
Site  A2  are  within  their  expected  biogeochemical  backgrounds; 
arsenic  appears  to  be  at  the  upper  bound  of  the  expected  range. 
The  nitrogen,  phosphorus,  and  sulfur  levels  are  within  their  respec- 
tive background  ranges.  The  respective  ratings  for  these  macronu- 
trients are  moderate,  low,  and  moderate  to  high. 

At  Site  A3,  arsenic,  cadmium  and  zinc  levels  are  elevated  in  both 
genera  sampled  (Basin  wildrye  and  sedge),  while  copper  and  lead  are 
elevated  in  Basin  wildrye.  The  copper  could  be  toxic  to  cattle 
and/or  sheep,  while  arsenic  in  the  wildrye  could  be  toxic  to  sheep. 
The  lead  and  cadmium  levels  probably  constitute  a problem  to  live- 
stock, particularly  if  they  graze  solely  on  such  feedstuffs.  Nitro- 
gen levels  appear  to  be  moderate  for  wildrye  and  low  for  the  sedge 
(Carex)  species.  The  levels  of  phosphorus  are  at  the  lower  bounds 
of  their  respective  background  ranges  for  both  species.  Sulfur 
concentrations  are  elevated  in  wildrye,  but  moderate  for  sedge. 
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3.3  PETERSON'S  SITES 


Peterson's  ranch  was  sampled  in  six  sites,  arranged  in  three  upgra- 
dient : downgradient  pairs:  T12:T13,  T14:T15,  and  T17:T16.  These  site 
pairs  are  shown  on  Map  3-3.  Sites  T12:T13  and  T14:T15  were  on  gent- 
ly sloping  north-  or  northeast-f acing  slopes,  while  T14  faced  south- 
east and  T15  faced  northwest.  Both  T12  and  T13  are  on  an  alluvial 
terrace,  while  sites  T14,  T15,  T16,  and  T17  are  on  an  alluvial  fan. 

Site  T12  has  poor  to  moderate  drainage,  with  slow  permeability;  no 
erosion  is  evident.  At  Site  T13,  the  drainage  is  poor,  with  medium 
permeability  and  severe  erosion.  The  predominance  of  sedge  and  rush 
species  at  site  T12  indicates  wetland/subirrigated  range;  land  use 
is  for  pasture.  Vegetative  cover  is  less  than  5%  on  Site  T13,  with 
scattered  stands  of  sedge  and  rush  on  slightly  elevated  ground.  Sites 
T12  and  T13  have  clayey-over-sandy  soils,  probably  derived  from 
Quaternary  alluvium. 

Site  T14  is  well  drained,  permeability  is  medium  to  rapid,  and  the 
erosion  condition  is  severe.  At  Site  T15,  the  drainage  is  poor  to 
moderate,  permeability  is  slow  to  medium,  and  the  present  erosion 
condition  is  moderate.  Land  use  at  Site  T14  is  irrigated  alfalfa 
hay;  at  site  T15,  irrigated  oats.  Alfalfa  production  appeared  poor, 
and  the  plants  growing  along  the  margin  of  the  swale  where  soils 
were  sampled  had  yellow-tipped  leaves  with  green  veins.  This 
coloration  is  symptomatic  of  zinc-induced  copper  deficiency.  Soils 
at  both  Sites  T14  and  T15  are  fine-loamy. 
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Soil  at  Sites  T17  and  T16  also  are  fine-loamy.  Irrigated  alfalfa 
was  produced  on  both  sites.  The  first-year  alfalfa  planted  at  Site 
T16  either  died  or  did  not  nodulate;  scattered  stands  of  hoary 
cress  and  field  bindweed  occurred  within  the  generally  denuded  site. 

3.3.1  Soils  Data 

3. 3. 1.1  T12;T13  Pair 

The  laboratory  data  for  Sites  T12:T13  are  presented  in  Part  A of 
Table  3-4.  Site  T12  (uphill)  soils  are  non-saline,  slightly  acidic 
to  paraneutral  (with  increasing  depth),  loams  to  sandy  loams. 
Sodicity  hazard  is  rated  as  moderate  to  slight,  with  increasing 
depth.  With  the  exception  of  surficial  nitrogen  (0-5  in.)--which 
is  present  at  moderate  levels — the  macronutrient  levels  are  very 
low  to  low.  Total  concentrations  of  cadmium,  copper,  lead,  and 
zinc  exceed  the  upper  bounds  of  their  respective  geochemical  back- 
ground values.  The  plant-available  cadmium  level  is  slightly 
elevated,  but  probably  does  not  pose  a phytotoxic  concern.  Total 
and  soluble  ( SO^  ) sulfur  levels  are  generally  within  their  expected 
(background)  concentrations;  however,  soluble  sulfur  appears  to  be 
low  at  depth  (>5  in.). 

Site  T13  (downhill)  soils  are  moderately  to  slightly  acidic,  non- 
saline sands  to  sandy  loams.  Sodium  hazard  is  rated  as  moderate. 
Macronutrient  levels  are  moderate  for  nitrogen  and  low  to  very  low 
for  phosphorus  and  potassium.  Total  levels  of  cadmium,  copper. 
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T14  , 0-4  214**  31.1*  6.55*  0.976  214*  21.0  15,000  0.734  500  80.8*  110*  5.04  158*  17.2 

T15,  0-8  172**  14.8  6.45*  0.928  325*  79.2*  19,800  6.56  381  3.56  122*  15.0*  264*  23.6 
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TABLE  3-4 

DATA  SUMMARY  FOR  PETERSOsi'S  SITES (Cont.) 
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manganese,  lead,  and  zinc  exceed  the  upper  bounds  of  their  respec- 
tive geochemical  background  values.  With  the  exception  of  manga- 
nese and  lead,  the  same  is  true  for  these  metals'  plant-available 
levels.  The  cumulative  concentration  of  plant-available  metals  is 
hypothesized  to  be  the  cause  of  the  denuded  soils.  Total  and 
soluble  sulfur  concentrations  are  within  their  expected  background 
levels . 

Plant-available  correlations  were  calculated  for  site  T13,  using 
log  [HM]s  as  the  dependent  variable,  while  depth,  pH,  and  log  [HM]s 
constituted  the  independent  variables.  The  results  are  presented 
in  Table  3-5,  which  shows  two  important  findings; 

» Non-significant  (p>0.10)  associations  occur  between  log 
[HM]s  and  both  depth  and  pH;  and 

• Highly  significant  ( p<_  0.05)  inverse  associations  occur 

between  cadmium  and  lead  plus  iron  and  zinc,  while  a less 
significant  (p<0.10)  inverse  association  occurs  between  ar- 
senic and  copper. 

3. 3. 1.2  T14:T15  Pair 

The  laboratory  data  for  these  sites  are  presented  in  Table  3-4,  Part 
B.  Site  T14  soil  is  extremely  acid  (pH<4.5),  moderately  saline,  and 
has  a sandy  loam  texture;  the  sodium  hazard  rating  is  slight.  Macro- 
nutrient levels  range  from  moderate  (for  phosphorus  and  nitrogen) 
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TABLE  3-5 

PLANT  AVAILABLE  CORRELATIONS  SUMMARY  FOR  THE  T13  SAMPLE  AT  PETERSON'S  SITE 
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very  low  (for  exchangeable  potassium).  Total  levels  of  arsenic, 
cadmium,  copper,  lead,  and  zinc  exceed  the  upper  bounds  of  their 
respective  geochemical  background  values;  the  arsenic  level  is 
probably  phytotoxic  (Dollhopf  et  al . 1986),  Plant-available  levels 
of  arsenic  and  manganese  also  are  elevated,  with  manganese  present 
probably  at  phytotoxic  concentrations.  Total  and  soluble  sulfur 
are  within  their  expected  levels. 

The  T15  soil  is  a mildly  alkaline,  non-saline  and  non-sodic  loam. 
All  macronutrient  levels  are  moderate  to  high.  Total  heavy  metal 
levels  status  is  the  same  as  for  site  T14,  although  copper,  lead, 
and  zinc  concentrations  are  even  greater.  Plant-available  concen- 
trations of  copper  and  lead  are  elevated,  copper  to  potentially 
phytotoxic  levels.  Total  and  soluble  sulfur  are  within  their 
expected  background  levels. 


3 . 3 . 1 .3  T17 :T16  Pair 


The  laboratory  data  for  these  sites  are  presented  in  Table  3-4, 
Part  C.  Site  T17  is  a moderately  acidic,  non-saline  and  non-sodic 
clay  loam.  Macronutrient  levels  are  probably  moderate  for  nitrogen, 
but  low  for  potassium  and  very  low  for  phosphorus.  Excepting  man- 
ganese, total  metals  levels  exceed  the  upper  bounds  of  their  respec- 
tive geochemical  background  values,  while  plant-available  levels 
fall  within  their  respective  background  values.  However,  total 
arsenic  concentration  represents  probably  phytotoxic  conditions  for 
this  metalloid.  This  fine-textured  soil  exhibits  relatively  high 
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retention  capacity  of  ions  by  clay  minerals;  this  process  would 
reduce  heavy  metal  ion  concentrations  in  the  soil  solution.  The 
total  sulfur  level  is  within  the  expected  range,  while  the  sulfate 
level  is  low. 

Site  T16  is  an  extremely  acid  (pH<4.5),  non-saline  and  non-sodic, 
sandy  loam.  Macronutrient  levels  are  interpreted  in  the  same  manner 
as  for  T17.  With  the  exception  of  iron  and  manganese,  the  total 
heavy  metal  levels  exceed  the  upper  bounds  of  their  respective 
geochemical  background  values.  Those  elements  exceeding  the  expected 
plant-available  levels  include  arsenic,  cadmium,  copper,  manganese, 
and  lead.  The  presence  of  potentially  phytotoxic  levels  of  man- 
ganese— in  the  face  of  "normal"  concentrations  of  total  manganese-- 
can  be  explained  by  the  probable  acidity  of  the  soil  solution. 
Total  and  soluble  sulfur  levels  are  within  their  respective  back- 
ground levels. 

3.3.2  Plant  Data 

The  heavy  metal  and  nutrient  results  for  the  sedge  species  at  T12  are 
generally  within  expected  biogeochemical  values.  However,  nitrogen 
and  phosphorus  are  on  the  low  end  of  their  respective  background 
values,  while  sulfur  level  is  moderate.  The  sedge  at  T13  repre- 
sents poor  quality  forage,  but  is  generally  nontoxic  to  livestock, 
with  the  one  probable  exception  of  cadmium.  Nitrogen  level  in  the 
T13  sedge  is  low,  and  possibly  deficient;  phosphorus  is  low-to- 
deficient,  and  sulfur  is  elevated. 
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The  arsenic,  copper,  lead,  and  zinc  levels  in  alfalfa  from  Site  T14 
are  elevated,  but  are  generally  nontoxic  to  livestock  consuming  such 
forage.  The  one  probable  exception  to  this  assessment  is  for  lead, 
which  is  present  at  a concentration  detrimental  to  livestock  (Doll- 
hopf  et  ad . 1986) . Arsenic,  iron  and  zinc  are  elevated  in  oats  at 
Site  T15,  while  copper  is  within  the  expected  range.  The  macronu- 
trient levels  in  the  alfalfa  (Site  T14)  are  moderate-to-iow  for 
nitrogen,  moderate  for  phosphorus,  and  high  for  sulfur.  Nitrogen 
and  phosphorus  concentrations  in  oats  (Site  T15)  are  moderate-to- 
high,  while  the  sulfur  level  is  high  (if  not  elevated). 

Cadmium  is  the  only  metal  which  appears  to  be  elevated  at  the  T17  and 
T16  sites;  such  levels  pose  a recognized  threat  to  livestock, 
particularly  if  it  is  their  sole  source  of  forage.  Nitrogen  and 
phosphorus  levels  are  moderate  at  both  sites,  while  sulfur  levels 
are  moderate-to-high  in  both  cases. 

3.4  SPANGLER'S  SITES 

An  upgradient : downgr  adient  pair  of  two  sites,  A6  and  A7 , was  sampled 
in  a cattle  and  sheep  range  pasture.  Both  are  located  on  a gently 
sloping,  southwest-facing  footslope  of  an  alluvial  fan.  The  two 
sites  are  shown  on  Map  3-4. 

Site  A6  is  well-drained,  with  medium  permeability.  Moderate  erosion 
exists.  The  soil  texture  is  coarse-loamy  and  is  probably  derived 
from  granite.  The  vegetation  of  grasses,  rabbitbrush,  and  leafy 
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spurge  is  characteristic  of  silty  range  foothills.  Heavy  grazing 
effects  and  historic  irrigation  are  evident. 

Site  A7  is  well-to-excessively  drained,  with  rapid  permeability. 
Erosion  is  severe.  The  bare  surface  appears  affected  by  wind 
erosion.  Coarse  granitic  sand  and  fine  gravel  are  abundant  on  the 
surface.  These  particles  either  are  wind-blown  sand  or  sediment 
from  an  old  irrigation  ditch  located  just  above  the  site.  Plant 
cover  is  less  than  20%  and  is  characterized  by  clumps  of  Basin 
wildrye  and  luxuriant  leafy  spurge;  other  species  observed  include 
needle-and-thread  grass  and  bindweed. 

3.4.1  Soils  Data 

3 .4 . 1 .1  Site  A6 


Laboratory  results  for  Site  A6  are  presented  in  Part  A of  Table 
3-6.  Soil  pH  varies  from  very  strongly  acidic  (within  the  upper  5 
in.)  to  paraneutral  at  depth  (12-24  in.).  The  sandy  to  loamy 
sand  soils  are  neither  saline  nor  sodic.  V7ith  the  exception  of 
potassium  (which  is  very  low),  macronutrient  levels  are  generally 
moderate  to  low.  With  the  exception  of  iron  and  manganese,  total 
heavy  metal  levels  exceed  the  upper  bounds  of  their  respective 
geochemical  background  values  for  soils  formed  in  granitic  rocks, 
mainly  within  the  upper  5 in.  of  the  profile.  Total  arsenic 
concentration  within  the  0-5  in.  horizon  is  probably  phytotoxic 
(Dollhopf  et  al . 1986).  Plant-available  arsenic  and  lead  levels 
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CATA  SUMMARY  FXDR  SPANGLER'S  SITES 
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0-5  4.55  0.21  74.8  42.5  <5  390  7.6  1.9  64.4  1.18  0.10  82.1  13.5  4.4  loamy  Sand/Sand 

5-15  4.86  0.16  1.0  27.9  <5  280  0.5  0.6  53.6  0.00  0.00  87.7  9.9  2.4  Sand 

15-25  5.60  0.12  1.4  10.4  <5  210  1.3  2.3  47.7  0.02  0.00  91.3  5.2  3.5  Sand 

25-37  6.72  0.19  3.2  8.97  <5  210  8.5  3.3  72.6  0.99  0.07  61.6  26.6  11.8  Sandy  Loam 
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exceed  tho.se  expected  for  uncontaminated  soils,  but  do  not  appear 
to  be  at  particularly  phytotoxic  concentrations.  Total  sulfur 
appears  to  be  within  expected  levels,  although  it  is  on  the  low  end 
of  background  in  the  12-24  in.  horizon;  soluble  sulfur  appears  to 
be  low  throughout  the  profile.  Total  arsenic  concentration  within 
the  0-5  in.  horizon  is  probably  phytotoxic  (Dollhopf  et  al . 1986). 

Plant-available  correlations  were  calculated  using  the  method  dis- 
cussed for  Site  T13  (Subsection  3. 3. 1.1).  The  results  are  present- 
ed in  Table  3-7,  and  three  major  observations  are  presented  below: 

* Significant  (p<0.10)  inverse  associations  occur  between 
depth  and  both  cadmium  and  copper,  while  the  inverse  asso- 
ciation between  depth  and  arsenic  is  highly  significant 
(p<0 . 05 ) ; 

9 Significant  and  highly  significant  inverse  associations 
occur,  respectively,  between  pH  and  manganese,  and  pH  and 
zinc;  and 

o A highly  significant  positive  association  exists  between 
arsenic  and  cadmium,  while  less  significant  (p<0.10)  posi- 
tive associations  are  noted  for  the  cadmium: zinc , copper: 
iron,  and  iron:lead  pairs. 
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TABLE  3-7 

PLANT  AVAILABLE  CORRELATIONS  SUMMARY  FOR  THE  SPANGLER  SITES 
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TABLE  3-7 

PLANT  AVAILABLE  CORRELATIONS  SUMMARY  FOR  THE  SPANGLER  SITES  (Cont 
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3.4.1 .2  Site  A7 


Laboratory  results  for  Site  A7  are  presented  in  Part  B of  Table 
3-6.  Soil  reaction  increases  from  very  strongly  acidic  surface  (0- 
15  in.)  values  to  paraneutrality  at  depth  (25-37  in.).  None  of  the 
loamy  sand,  sand,  or  sandy  loam  horizons  exhibit  salinity  or  sodium 
hazards.  Rooting  zone  macronutrient  levels  are  very  low  to  low. 
With  the  exception  of  iron  and  manganese,  total  heavy  metal  levels 
exceed  the  upper  bounds  of  their  respective  geochemical  background 
values,  within  the  upper  25  in.  of  soil.  Total  arsenic  contamina- 
tion extends  to  the  base  of  the  sampled  profile.  Furthermore, 
total  arsenic  levels  are  phytotoxic  within  the  upper  15  inches  of 
the  profile,  while  total  zinc  levels  are  phytotoxic  within  the  0-5 
in.  and  15-25  in.  horizons  (Dollhopf  et  al . 1986).  Plant-available 
levels  of  arsenic,  cadmium,  copper,  lead,  and  zinc  present  within 
the  upper  25  in.  of  soil  are  often  greater  than  expected,  and  zinc 
levels  within  the  5-to  25-inch  horizons  are  probably  phytotoxic. 
These  data  indicate  the  relatively  high  mobility  of  cadmium  and 
zinc,  and  the  lesser  mobility  of  arsenic,  copper,  and  lead.  Total 
sulfur  levels  are  within  expected  geochemical  background,  while 
soluble  sulfur  is  low  throughout  the  profile. 

3.4.2  Plant  Data 

Arsenic  appears  to  be  slightly  above  expected  (background)  levels 
in  Site  A6,  while  cadmium  and  copper  approach  their  respective 
upper  bounds  for  biogeochemical  background.  Lead  levels  at  the  site 
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at  levels 


are  occasionally  elevated  and  could  be  phytotoxic  (ie., 
exceeding  30  yg/g,  Dollhopf  et  al . 1986).  The  copper  levels  may 

adversely  affect  sheep,  if  this  forage  served  as  their  sole  food 
source.  Macronutrient  levels  are  generally  near  the  lower  bounds 
of  their  respective  background  values,  and  nitrogen  may  be  border- 
line deficient. 

At  Site  A7 , all  heavy  metals  occur  within  their  respective  biogeo- 
chemical background  levels,  despite  elevated  plant-available  concen- 
trations within  the  rooting  zone.  Macronutrient  levels  are  general- 
ly near  the  lower  bounds  of  their  respective  background  values  for 
all  three  elements. 

3.5  FORSEN'S  SITES 

Similar  to  the  Spangler  sites,  one  upgradient : downgradient  pair  of 
sampling  sites  was  utilized  in  Forsen's  pastureland . They  are 
numbered  A12  and  A13  and  are  shown  on  Map  3-5.  A12  is  located 
above  the  remains  of  the  E.  Valiton  Ditch,  and  A13  is  below  it.  Both 
are  situated  on  a northwest  facing  alluvial  fan  of  moderate  slope; 
A13  is  about  2 ft  lower  in  elevation  than  A12 . Both  are  well- 
drained  sites  of  moderate  permeability,  but  while  Site  A12  is 
moderately  eroded,  A13  is  severely  eroded.  The  soil  at  both  sites 
is  coarse-loamy,  probably  derived  from  coarse  gravels  of  volcanic 
origin,  overlying  poorly  consolidated  bedded  tuff. 
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On  Site  A12,  the  vegetation  is  representative  of  a moderately  grazed 
silty  range  foothills  site.  Grass  species  include  Basin  wildrye, 
bluebunch  wheatgrass,  and  blue  grama;  shrub  species  are  wild  rose 
and  rubber  rabbitbrush. 

Site  A13  is  poorly  vegetated  by  such  species  as  Basin  wildrye,  blue- 
bunch  wheatgrass,  leafy  spurge,  and  thistles.  A possible  explana- 
tion of  the  great  difference  between  A13's  and  A12's  vegetation 
could  be  in  the  evidence  of  a historic  breach  in  the  ditch  during 
operation.  The  breach  could  have  released  large  quantities  of 
sediment  and  water  which  were  laden  with  heavy  metals  onto  Site  A13. 

3.5.1  Soils  Data 

3 . 5 . 1 . 1 Site  A12 

The  laboratory  results  for  Site  A12  are  presented  in  Table  3-8, 
Part  A.  Soil  reaction  increases  from  slightly  acidic,  at  the  surface, 
to  moderately  alkaline  at  depth  (14-40  in).  Texture  of  these  non- 
saline and  non-sodic  soils  ranges  from  silty  loam  to  sandy  loam. 
With  the  exception  of  surficial  potassium,  macronutrient  levels  are 
generally  low  to  very  low.  Total  heavy  metal  levels  in  the  0-5  in. 
horizon  exceed — with  the  exception  of  iron  and  manganese — the  upper 
bounds  for  the  respective  geochemical  background  values;  arsenic 
is  present  at  phytotoxic  concentrations.  The  shallow  depth  of 
contamination  may  be  due  to  the  absorptive  capacity  of  the  relatively 
fine-textured  0-5  in.  horizon,  which  may  explain  the  relatively 
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TABLE  3-8 


DATA  SUMMARY  FOR  FORSEU'S  SITES 


PART  A.  UPGRADIENT  SITE,  A12 
Soil  Depths  (in)  As 


0-5  (n=1) 
5-14  (n=2) 
14-40  (n=2) 


T 

112** 

45.2+2.9 

10.6+0.4 


Soil  E>epths  (in)  pH 
0-5  (n=1)  6.23 

5-14  (n=2)  6.42+0.01 

14-40  (n=2)  7.94+0.01 

Plant  Analyses 
• ELCI 


PART  B.  DOWNGRADIENT  SITE.  A13 
Soil  Depths  (in)  As 


p 

T 

P 

T 

P 

9.03* 

4.05* 

0.522 

665* 

8.10 

16,600 

2.98+0.05 

1 .14+0.44 

0.066+0.023 

97.6+6.2 

1.237+0.358 

16,650+5162 

<0.720 

0.39+0.01 

0.015+0.010 

39.8+3.2 

1.62+0,06 

16,450+5728 

N 

P 

so,, 

S 

Ca 

0.41 

16.4 

52.1 

<5 

80 

34.0 

0.39+0.05 

4. 4+0. 6 

24.6+1.9 

<8 

185+120 

33.0+5.1 

1.24+0.09 

11.8+1.1 

11.0+1.9 

18+7 

120+113 

185.9+21.2 

As 

Cd 

Cu 

0.805 

<0.2 

6.50 

P 

0,338 

0.1 19+0.010 
2.785+1.322 

8.4 

9. 2+1. 8 
53.3+3.5 

Fe 
1 12 


T 

665 

643+24 

632+144 

is® 

240.3 
147. 8(x) 
93.0(x) 


P 

10.2 

2.82+1.52 

2.745+1.266 

Na 

39.65 
1 . 7+0 . 6 
10.92+0.99 

Mn 

29.0 


T 

62.5* 
24.2+6.0 
25.4+8. 1 

SAR 
0.04 
0.07(x) 
0. 18(x) 


P 

0.780 

0.154+0.153 

0.354+0.042 

Sand 

40.4 

50.0+0.2 

57.4+3.2 

<4.5 


Fe 


Pb 


•■0-4" 

(n=4) 

1 

454+72** 

29.3+3.5* 

T 

14.8+3.9* 

P 

1.03+0.24* 

T 

2445+381* 

P 

657.5+151.8* 

T 

19,325+3743 

3-8 

(n=2) 

173+20** 

1 5 . 8+5 . 1 * 

6.76+0.97* 

0.812+0.110 

1615+50* 

509.0+35.4* 

16,500_^364 

8-18 

(n=1 ) 

34.4 

2.33 

0.980 

0. 180 

148 

6.94 

22,300 

18-38 

(n=l ) 

18.6 

<0.687 

0.545 

0.044 

75.7 

12.5 

19,500 

Soil  Depths  (in) 
*’0-4"  (n=4)  4 


£H 

46+0.16 
14 


3-8  (n=2)  4.79+0 
8-18  (n=1)  6.42 
18-38  (n=1)  7.93 


Plant  Analyses 
• ELCI 


EC 

3.41+1 .60 
1.45+0.18 
2.37 
1.84 


As 

0.852 


N 

49.2+38.6 

18.4+7.6 

26.8 

33.2 


P 

27.4+2.9 

23.4+0.5 

11.4 

5.87 


Cd 

<0.2 


SO^ 


2630+1722 

60+9 

748 

191 


S 

1830+840 

170+226 

460 

50 


Cu 

7.95 


Ca 

452. 9+221. ( 
177.9+31.1 

537.9 

302.9 


1.53+0.82 

0.32+0.02 

1.14 

2.38 

Mg 

163.3+103.5 

53.7+10.0 

136.8 

81.8 

Fe 

1300 


T 

590+93 
578+1 1 
618 
421 

iS® 

44.0(x) 

76.4(x) 

108.3 

76.4 


P 

167+51* 

96.8+8.8* 

2.48 

2.98 

iii 

41.42+2 1.83 
15.87+2.62 

36.92 

33.82 

Mn 

47.6 


T 

260+31* 
101. 1+32.4* 
34.5 
24.2 

SAR 

0.42(x) 

0.27(x) 

0.37 

0.45 


1.11+0.83 

0.848+0.062 

<0.26 

0.310 

Sand 

52. 1+1.9 
55.8+1.8 

52.4 

62.8 

ik 

<4.5 


T 

220 

73.8+5.4 
63.5  +6 . 4 


Silt 

50.3 

4 1 , 9+0 . 1 
34.5+3.3 


P 

13.0 

0.83+0.17 

0.252+0.090 

day  Textural  Class 

9.3  Silt  Loaffl/Loam 

8 . 0^0 . 4 Loam 
8. 0+0. 4 Sandy  Loam 


Six 

23.4 


N P S 
1.53  0.217  0.0874 


I** 


T 

564+69 
402+1 1* 
223* 
75.2 

Silt 

32.0+2.8 

31.5+8.9 


154.5+61.3** 

96.0+12.7** 

16.6 
5.48 

Clay  Textural  Class 
15.9+2.2  Sandy  Loam/Loam 
12.7+7.1  Sandy  Loam/Sandy 
Clay  Loam 

12.0  Sandy  Loam/Loam 
26.5  10.7  Sandy  Loam 

2n  P S 

42.4  1.49  0.196  0.0945 


(a)  Total  (T)  and  plant  available  (P)  soils-related  heavy  metals  data  are  given  as  mgAg,  "air-dried"  (40+1»C) 

basis,  pH  rn  standard  units,  EC  in  m^bos/cm  ® 25-c,  N,  P,  total  S and  ion  as  Tg/g  "air-drL"  s^U  Ca 

anllylel^Uanr^sUt  aid^clavt  extract,  sodium  absorption  ratio  (SAR)  is  dimensionless,  mechanical 

analyses  (sand,  silt  and  clay)  as  % (w/w) , oven  dried  (105+  1»C)  basis* 

(b)  Plant  heavy  metals  data  are  given  as  mgAg,  "air-dried"  (40+  l»c)  basis,  N,P  and  S are  as  % w/w,  "air- 

urieo  oasis*  ^ 

hC  1“?+*"^+''  '**  signifies  a biogeochemically  elevated  concentration  of  a particular  element,  as  judged 
!nd/orsoils!  '**’  probable  phytotoxic  conditions  in  plant  materiaL 
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low  plant-available  levels  (excepting  arsenic),  despite  the  rela- 
tively high  total  concentrations.  Total  sulfur  levels  are  approach- 
ing the  low  end  of  the  expected  background  range;  soluble  sulfur 
levels  are  generally  low. 

Plant  available  correlations  were  calculated  using  the  methodology 
described  in  subsection  3. 4. 1.1.  The  results  are  shown  in  Table 
3-9,  Part  A,  which  indicates  three  major  observations: 

• Highly  significant  (p<0.05)  and  significant  (p<0.10)  inverse 
associations  exist  between  depth  and  arsenic,  and  depth  and 
cadmium  respectively; 

• No  significant  associations  exist  between  pH  and  any  of 
the  measured  elements;  and 

« Significant  positive  associations  exist  between  the  cadmium: 
zinc  and  copper :manganese  pairs. 

3 . 5 . 1 .2  Site  A13 

The  laboratory  results  for  this  site  are  presented  in  Part  B of 
Table  3-8.  The  pH  varies  from  very  strongly  acidic  within  the  upper 
8 in.  to  moderately  alkaline  at  depth  (18-36  in.)  The  texture 
of  these  non-saline  and  non-sodic  soils  is  generally  sandy  loam. 
Potassium  and  phosphorus  are  very  low,  while  nitrogen  is  present  at 
moderate  concentrations.  With  the  exception  of  iron  and  manganese. 
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TABLE  3-9 

PLANT  AVAILABLE  CORRELATIONS  SUMMARY  FOR  THE  FORSEN'S  SITES 
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PLANT  AVAILABLE  CORRELATIONS  SUMMARY  FOR  THE  FORSEN' S SITES. ^ (Cont 
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total  heavy  metals  exceed  the  upper  bounds  of  their  respective  geo- 
chemical background  values . This  contamination  extends  throughout 
the  upper  8 in.  of  soil  for  these  elements  and  into  the  upper 
18  in.  for  zinc.  The  relative  degree  of  heavy  metal  contamination 
appears,  on  the  average,  to  be  several  fold  that  observed  at  site 
A12.  Total  arsenic  and  zinc  levels  are  phytotoxic  within  the  upper 
4 in.  of  the  soil  profile,  and  arsenic  phytotoxically  extends  down  to 
8 in.  Surface  (0-8  in)  plant-available  heavy  metal  levels  exceed 
the  upper  bounds  of  their  respective  values  for  arsenic,  cadmium 
(0-4  in.,  only),  copper,  manganese,  and  zinc.  The  cumulative 
concentration  of  copper,  manganese  and  zinc  is  sufficiently  high  to 
be  phytotoxic.  Total  sulfur  levels  appear  slightly  elevated  within 
the  upper  4 in.  of  the  profile,  but  changes  from  moderate  to  low 
concentrations  with  increasing  depth.  Sulphate  ion  levels  are 
elevated  throughout  the  profile,  except  for  the  3-8  in.  horizon. 

Plant-available  correlations  are  shown  in  Part  B of  Table  3-9. 
The  three  major  observations  are  as  follows: 

• Highly  significant  (p<0.05)  inverse  associations  exist  be- 
tween depth  and  arsenic,  cadmium,  and  zinc,  while  a signi- 
ficant (p<0.10)  inverse  association  exists  between  depth 
and  manganese; 

• Highly  significant  inverse  associations  exist  between  pH 
and  arsenic,  cadmium,  and  zinc,  while  a significant  inverse 
association  exists  between  depth  and  manganese;  and 
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• Highly  significant  positive  associations  exist  among  ar- 
senic, copper,  manganese,  and  lead  (with  each  other),  and 
sometimes  between  these  elements  and  cadmium  and  zinc. 

3.5.2  Plant  Data 

All  heavy  metal  levels  are  generally  within  their  respective  bio- 
geochemical background  values  at  Site  A12.  However,  all  macronu- 
trients are  at  or  approaching  their  respective  lower  bounds  for  the 
particular  background  levels.  Nitrogen  and  sulfur  may  be  borderline 
deficient;  the  nitrogen; sulfur  ratio  indicates  a potential  sulfur 
deficiency . 


At  Site  A13,  plant  iron  is  quite  elevated,  while  the  other  heavy 
metal  levels  are  within  their  expected  biogeochemical  background 
values.  These  levels  are,  however,  greater  than  the  respective 
concentrations  observed  in  plant  material  from  site  A12. 

Nutrient  levels  at  Site  A13  all  approach  the  lower  bounds  of  their 
respective  background  values.  Nitrogen  and  sulfur  appear  to  be 
borderline  deficient;  this  assessment  regarding  sulfur  levels  is 
supported  by  the  nitrogen : sul fur  ratio  of  >13. 

3.6  DUTTON'S  SITE 


Only  one  site  was  sampled  in  Dutton's  wet  meadow,  shown  on  Map  3-6. 
the  site  is  on  the  nearly  level,  west-facing  floodplain  of  the 
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Clark  Fork  River.  It  is  poorly  drained,  and  exhibits  medium  permea- 
bility, and  is  slightly  eroded.  A9 ' s soil  is  fine-loamy,  and  the 
bare  surface  showed  salt  seeps.  Mill  tailings  overlay  an  older 
surface  horizon.  The  vegetation  is  representative  of  a moderately 
grazed,  subirrigated,  wetland  range  site.  Grass  species  include 
Kentucky  bluegrass  and  smooth  brome;  sedge  also  is  abundant.  The 
present  land  use  is  irrigated  hay  for  livestock  forage. 

3.6.1  Soils  Data 


The  laboratory  results  for  this  site  are  presented  in  Table  3-10. 
The  very  strongly  acidic  surface  (0-5  in.)  horizon  overlays  13  in. 
of  extremely  acidic  (pH<4.5)  materials,  much  of  which  is  mill 
tailings.  The  lowest  buried,  18-26  in.,  horizon's  pH  is  slightly 
acidic.  VVith  the  exception  of  the  loamy  sand  A12  horizon,  the 
profile's  textural  class  is  silty  loam.  The  soil  is  neither  saline 
nor  sodic.  Nitrogen  levels  are  moderate,  while  the  other  macronu- 
trient levels  are  very  low.  With  the  exception  of  iron,  all  of  the 
heavy  metals  have  total  levels  that  exceed  the  upper  limit  of  their 
respective  geochemical  background  values.  Except  for  total  man- 
ganese in  the  18-26  in.  horizon,  contamination  by  the  other  ele- 
ments extends  throughout  the  profile.  With  the  exception  of  total 
zinc  within  the  10-18  in.  horizon,  total  zinc  and  arsenic  levels 
are  phytotoxic  throughout  the  profile.  With  the  exception  of 
copper,  the  uppermost  and  lowermost  horizons  exhibit  plant-avail- 
able levels  which  most  commonly  exceed  their  respective  geochemical 
background  levels. 
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TABLE  3-10 

UA'I’A  SIM"1AK\-  FOR  DUTTON'S  SITE 
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Copper,  manganese,  and  zinc  are  each  present  at  phytotoxic  levels 
in  the  0-5  in.  horizon;  copper  and  zinc  are  each  present  at  phyto- 
toxic levels  generally  throughout  the  profile.  With  the  exceptions 
of  iron  and  manganese,  the  other  plant-available  heavy  metal  levels 
are  clearly  elevated  within  the  18-26  in.  horizon.  The  metal-ab- 
sorbing capacity  of  this  silt  loam  might  explain  its  function  as  a 
"sink"  for  those  metals  migrating  down  through  the  profile. 

Alternatively,  early  20th  century  rates  of  tailings  deposition 
(within  this  meander  cut-off  in  the  Clark  Fork  River  floodplain) 
may  have  exceeded  those  of  more  recent  years.  For  example,  the 
tailings  observed  at  depth  (10-18")  may  have  resulted  from  catastro- 
phic flood  events  occurring  within  the  period  1905-1920.  Deposi- 
tion rates  since  then  may  have  been  less  dramatic,  thus  allowing 
gradual  mixing  of  soil  particles  and  mill  tailings  over  time. 

Total  sulfur  levels  are  generally  within  the  expected  background 
range;  the  one  exception  is  the  10-18  in.  horizon,  with  a sulfur 
level  at  the  upper  bounds  of  the  expected  concentration.  Soluble 
sulfur  levels  are  slightly  above  their  respective  expected  values, 
except  for  the  moderate  level  within  the  18-26  in.  horizon.  It  is 
hypothesized  that  such  levels  are  from  the  weathering  of  pyritic 
materials,  especially  those  associated  with  the  mill  tailings. 

Plant  available  correlations  were  calculated,  using  depth,  pH  and 
log  [HM]  levels  as  the  independent  variables  and  log  [HM]  levels  as 
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the  dependent  variable.  The  results  are  shown  in  Table  3-11. 

Three  major  observations  include  the  following: 

• Mo  significant  (p>0.10)  associations  exist  between  depth 
and  heavy  metal  levels; 

• Highly  significant  (p<0.05)  positive  associations  exist 
between  pH  and  arsenic,  cadmium,  and  copper,  while  a 
significant  (p<0.10)  negative  association  occurs  between  pH 
and  iron;  and 

• Highly  significant  negative  associations  exist  between  iron 

and  cadmium,  plus  zinc;  a highly  significant  positive 
association  exists  between  copper  and  zinc,  while  signifi- 
cant associations  (+)  occur  between  the  following  element 
pairs:  arsenic/cadmium  ( + ) ; cadmium/coppe::  ( + );  cadmium/ 

zinc  (+) ; and  copper/iron  (-). 

3.6.2  Plant  Data 


The  only  heavy  metal  concentrations  which  are  elevated  include 
cadmium  and  zinc.  Toxicity  to  livestock  is  possible  due  to  the 
cadmium  level,  particularly  if  it  serves  as  their  only  source  of 
forage.  The  nutrient  concentrations  are  within  their  respective 
background  ranges.  More  specifically,  nitrogen  and  sulfur  levels 
are  moderate-to-high , while  phosphorus  level  is  moderate. 
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3.7  DATA  SYNTHESIS  AND  DISCUSSION 


The  following  two  assumptions  were  made  at  project  onset: 

• Site-specific  categorizations  as  being  either  "upgradient" 
(uphill)  or  "downgradient " (downhill)  from  a hypothesized 
source  of  waterborne  heavy  metals  contamination  were  essen- 
tially correct;  and 

• Such  categorizations  were  justified  on  the  basis  of  the 

following  analytical  parameters:  pH,  total  and  soluble 

( SO^  ) sulfur,  acid  digestable  (total)  and  extractable 
(plant-available)  heavy  metal  levels  in  soils,  and  total 
heavy  metal  levels  in  plant  materials. 

3.7.1  Evaluation  of  Project  Assumptions 

The  Remedial  Investigation  ( RI ) data  first  was  used  to  test  the 
correctness  of  the  project  assumptions;  the  relevent  data  are 
presented  in  Tables  3-12  and  3-13  for  soils  and  plant  materials, 
respectively.  These  data  are  further  summarized  in  Table  3-14. 
Inspection  of  these  tables  yields  several  important  observations: 

• Soil  and  plant  heavy  metal  levels  are  more  frequently 
elevated  in  the  downgradient  than  upgradient  sites; 
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TAiiJ.K  3-12 

SUNmiA’  ul-  CRl'l'iC/U^  S)US  1jA'1'a(^3)  (Continuecl) 
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TAIUJ-;  3-12 

SUMMARY  OF  CRITICAL  SOILS  DATA ) (Continued ) 
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(a)  For  the  heavy  metals,  plus  sulfur  data,  an  asterisk  (*)  signifies  a geochemically 
elevated  level;  a value  within  parentheses  signifies  a geochemically  "expected"  level; 
while  a dash(-)  represents  the  presence  of  non-pertinent  data. 

(b)  pH  is  standard  units;  all  other  parameters  in  mgAg/  air-dried  basis. 
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TABLE  3-13 

SUMMARY  OF  CRITICAL  PLANT  DATA^^^ 
PART  A.  UPGRADIhUT  (UPHILL)  SmS 


Site/Species 

As 

Qi 

Elements 

Ch  Pe  Mn 

Pb 

Zn 

■ 

' 

A10(  above  SBC) 
•POPR 

— 

— 

— 

— 

— 

— 

— 

A1(SBC  flooc^lain) 
•AGSP 

— 

— 

— 

— 

— 

112* 

— 

T12(YelIcw  Ditch) 
•CARIX  sp. 

— 

— 

— 

— 

— 

— 

— 

T14( Yellow  Ditch) 
'MESA 

2.193* 

— 

41.7* 

— 

— 

51.0* 

60.0* 

(Watson  Ditcli) 
•LLCl 

— 

— 

— 

— 

— 

— 

— 

A12(E.  Valiton 
Ditch) 

•ELLT 

PART  B.  UOWNCRADIENT  (UOMULL)  SITES 


AlKSBC  floodplain) 
'CAREX  sp. 

— 

— 

— 

479* 

— 

— 

150* 

A2(SBC  floodplain) 
•CAREX  sp. 

— 

— 

— 

— 

— 

— 

— 

A3 (SBC  floodplain) 
'ELLT 

20.04* 

124* 

65.0* 

182* 

'CARiX  sp. 

6.635* 

— 

— 

— 

— 

— 

194* 

iT3(YeLlcjw  Ditcli) 
'C/“REX  sp. 

— 

— 

80.5* 

— 

— 

— 

329* 

T15(YeIicv;  Ditch) 
•AVSA 

10.86* 

— 

— 

222* 

— 

— 

63.0* 

T16( Yellow  Ditch) 
•MESA. 

— 

— 

— 

— 

— 

— 

— 

A7 (Watson  Ditcli) 
•ELCT 

— 

— 

— 

— 

— 

— 

— 

7iI3(E.  Valiton 
Ditch) 

'EDCl 

__ 

A9( Clark  1-brk  River 
1 loodplain) 

'BRIN 

— 

— 

— 

— 

— 

— 

285* 

(a)  An  asterisk  (*)  signifies  a biogeochanicaliy  elevated  level,  while  a dash  (-) 
represents  non-pertinent  data. 

(u)  Ail  concentrations  in  mgAg/  air-dried  basis. 
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The  asterisk  (*)  signifies  a biogeochanically  elevated  condition  for  a given  element's  acid 
extractable  (T)  or  plant  available  (P)  concentration  in  soils. 


• Heavy  metals  contamination  in  upgradient  soils  appears  to 
be  generally  limited  to  the  upper  6 in.  of  soil,  while 
contamination  in  downgradient  soils  commonly  extends  to  24 
in.,  and  may  occur  to  a depth  of  46  in. 

• By  themselves,  pH  and  sulfur  level  measurements  are  not 
reliable  indicators  of  probable  heavy  metals  contamination — 
the  latter  parameters  can  be  elevated  without  the  presence 
of  strongly  acidic  soil  reaction  or  geochemically  elevated 
levels  of  total  or  soluble  sulfur;  and 

• If  plant  zinc  is  elevated  at  a downgradient  site,  arsenic 
also  is  elevated  in  the  majority  of  cases. 

3.7.2  Evaluation  of  Metals  Correlations 

General  relationships  among  plant-available  heavy  metal  levels,  as 
well  as  with  depth  and  pH  were  evaluated.  This  effort  was  accom- 
plished by  compiling  pertinent  data  from  the  correlation  tables 
found  throughout  Section  3.0. 

Site-specific  correlations  (for  both  upgradient  and  downgradient 
categories)  for  each  specific  pair  (eg.,  arsenic : cadmium)  were 
evaluated  using  the  following  system: 
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o A non-significant  (p>0.10)  correlation  was  valued  at  0.; 

• A significant  (0.1^  p = 0.05)  correlation  was  valued  at  + 
0.90,  depending  upon  the  sign  of  the  particular  r;  and 

• A highly  significant  (p<0.05)  correlation  was  valued  at  + 
0.95,  again  depending  upon  the  sign  of  the  particular  r. 

In  some  cases,  application  of  this  system  resulted  in  zero  when 
equal  values  of  opposite  sign  were  added  together.  The  results  for 
these  efforts  are  shown  in  Table  3-15.  Regarding  the  upgradient 
sites,  three  important  observations  are  made: 

a A consistently  strong  inverse  association  exists  between 
depth  and  both  cadmium  and  arsenic; 

• A consistently  strong  inverse  association  exists  between  pH 
and  both  manganese  and  zinc;  while 

• Strong  positive  associations  exist  between  the  cadmium: zinc ; 
arsenic : cadmium ; copper: iron;  and  copper : manganese  pairs. 

Similarly,  three  important  observations  can  be  made  in  regards  to 
the  downgradient  sites: 

• A consistently  strong  inverse  association  exists  between 
depth  and  both  arsenic  and  manganese; 

• A strongly  inverse  association  exists  between  pH  and  manga- 
nese and; 

• Strongly  positive  associations  exist  between  arsenic:cad- 
mium,  arsenic : lead , copper : manganese , copper: lead,  and 
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TABLE  3-15 

CONDENSATION  OF  KEY  DATA  FROM  CORRELATION  TABLES 


PART^  A.  UPGRADIENT  (UPHILL)  SITES 


Independent  Variables 


•Depth 

•pH 

•log  [HM]s  As 
Cd 
Cu 
Fe 
Mn 
Pb 
Zn 


Dependent  Variables  (log  [HM]s) 


As 

Cd 

Cu 

Fe 

Mn 

Pb 

-1.90 

-1.80 

-0.90 

0.0 

0.0 

0.0 

-0.90 

-0.95 

-0.95 

-0.95 

-1.85 

0.0 

— 

1.90 

0.90 

0.95 

0.90 

0.0 

- 

0.95 

0.95 

0.95 

0.0 

- 

1.85 

1.85 

0.0 

- 

0.95 

0.90 

0.0 

PARI'  B.  DC^NGRADIENT  (DO^vNHILL)  SITES 


Independent  Variables 


•Depth 

•pH 


•log  [HM]s  As 
Cd 
Cu 
Fe 
Mn 
Pb 
Zn 


Dependent  Variables  (log  [HM]s) 


As 

Cd 

Cu 

Fe 

Mn 

Eb 

-1.90 

-0.95 

0.0 

-0.90 

-1.80 

-0.90 

0.95 

0.0 

1.00 

-0.90 

-1.85 

-0.95 

2.80 

0.0 

1.80 

0.85 

2.75 

0.90 

-0.05 

-0.90 

-0.05 

1.90 

0.95 

0.0 

1.90 

0.95 

1.00 

Zn 

0.0 

-1.90 

0.0 

2.70 

0.95 

0.90 

0.95 

0.0 


Zn 

-0.95 

-0.95 


1.90 

2.80 

1.85 

-1.90 

0.95 

0.90 
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copper: zinc  pairs,  and  strongly  inverse  association  exists 
between  the  iron: zinc  pair. 

These  observations  can  be  summarized: 

• Arsenic  tends  to  concentrate  in  the  upper  horizon(s)  of  a 
given  soil  profile: 

« Zinc  and  manganese  solubilities  increase  considerably  as  pH 
decreases;  and 

® Elevated  levels  of  zinc  generally  indicates  elevated  levels 
of  cadmium,  arsenic,  copper  and  possibly  lead,  while  elevated 
levels  of  copper  are  commonly  associated  with  elevated 
levels  of  iron,  manganese  and  lead. 

3.7.3  Evaluation  of  Contamination 

The  extent  and  severity  of  heavy  metals  contamination,  as  well  as 
probable  sources,  were  evaluated  in  a preliminary  manner  by  inspect- 
ing Tables  3-12  through  3-15: 

9 heavy  metals  contamination  of  soils  occurs  throughout  the 
demarcated  study  area,  and  is  particularly  intense  within 
the  Silver  Bow  Creek  and  upper  Clark  Fork  River  floodplains 
(relative  to  the  irrigated  terrace  sites); 
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• The  floodplain  sites  A1  and  A9  probably  contribute  dissolved 
metals  to  the  shallow  ground-water  system,  as  seasonal 
water  table  levels  are  within  or  above  those  soil  horizons 
containing  elevated  levels  of  plant-available  heavy  metals; 

• Except  possibly  for  site  A13,  heavy  metals  contamination  of 
the  terrace/alluvial  fan  sites  is  limited  generally  to  the 
upper  18-24  inches  of  the  soil  profile,  while  expected 
geochemical  (background)  levels  occur  beneath  the  zone  of 
contamination.  Thus,  ground-water  contamination  due  to 
heavy  metal  leaching  from  these  topographically  elevated 
sites  does  not  seem  very  likely;  and 

o Although  vegetation  growing  on  contaminated  sites  are  ac- 
cumulating elevated  levels  of  metals  (especially  zinc),  the 
concentrations  are  generally  in  the  range  that  is  non-toxic 
to  livestock — unless  such  materials  constitute  their  sole 
source  of  forage. 
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4.0  CONCLUSIONS 


4.1  STUDY  CONCERNS 

The  Phase  One  (Reconnaissance)  objectives  have  been  met.  Strong 
circumstantial  evidence  has  been  provided  to  support  the  hypothesis 
that  waterborne  heavy  metal  contaminants,  originating  from  upstream 
mining/mineral  processing  activities,  have  adversely  affected  agri- 
cultural activities  within  the  study  area. 

Inspection  of  Table  3-12  indicates  a strong  contamination  (heavy 
metal)  gradient  that  decreases  in  concentration  from  Thurmond's 
floodplain  site  (All)  near  Butte  to  Spangler's  site  A7 , which 
probably  received  irrigation  waters  from  the  Watson  Ditch  (in  turn 
connected  to  Silver  Bow  Creek) . Similar  observations  are  made  for 
the  Peterson  sites,  located  adjacent  to  the  Yellow  Ditch.  A second 
concentration  gradient  is  observed  for  the  Forsen-Dutton  sites, 
wherein  the  former  received  contaminated  waters  from  the  E.  Valiton 
Ditch,  while  the  latter  has  received  contaminated  materials  (mill 
tailings)  from  the  Butte  and  Anaconda  operations. 

Deposition  of  heavy  metals,  and  increasing  acidity  resulting  from 
pyrite  mineral  oxidation,  has  been  sufficiently  severe — in  some 
cases--to  prevent  vegetative  growth.  These  conditions  are  parti- 
cularly evident  at  the  following  sites:  Konda ' s A3,  Peterson's 
T13,  Spangler's  A7 , and  Forsen's  A13.  Given  the  depauperate 
nature,  if  not  absence,  of  vegetation  at  the  most  severely  affected 
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sites,  these  areas  probably  represent  little  danger  to  livestock; 
the  exceptions  to  this  assessment  are  heavy  metal-tolerant  plants 
growing  along  the  margin  of  such  denuded  areas  and  potential 
off-site  transport  by  wind  and  water  erosion  to  adjacent,  largely 
unaffected  lands  utilized  routinely  by  livestock.  However,  at 
several  of  the  less  visibly  affected  sites  (e.g,  Thurmond's  All, 
Dutton's  A9 ) , cause  for  concern  exists  for  the  ingestion  of  heavy 
metals-contami nated  soils  by  livestock  during  grazing,  or  from  soil 
particles  adhering  to  the  harvested  forage/hay. 


However,  the  rural  nature  and  remoteness  of  most  of  these  affected 
sites  limits  the  risk  to  humans  via  direct  contact  or  ingestion 
of  metals.  Respiratory  protection  from  dust  generated  during  any 
remedial  operations  (e.g.,  deep  plowing/liming)  seems  prudent. 


4.2  ADDITIONAL  CONCERNS 


Seven  concerns  developed  during  the  literature  review  (Section  1.1) 
and  the  RI : 

(1)  Given  the  available  data,  whether  the  areal  extent  and  severity 
of  heavy  metals  contamination  of  agricultural  lands  has  abated 
over  time  cannot  be  determined  definitively.  The  persistence 
of  heavy  metals  in  soils  is  such  that  lands  historically  affect- 
ed probably  still  are  burdened  to  varying  degrees  (depending 
on  a host  of  physicochemical  and  biological  factors  which  vary 
from  one  trace  element  to  another,  and  from  one  soil  type  to 
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another).  Furthermore,  the  field  observations  were  used  to 
"calibrate"  additional  interpretation  of  aerial  photography  for 
the  study  area;  results  of  these  efforts  support  the  original 
estimate  of  approximately  5400  acres  of  clearly  affected  lands 
within  the  three  counties  of  interest.  If  more  subtle  vegeta- 
tive productivity  (yield  reduction)  effects  are  included,  the 
above  estimate  could  increase  by  several-fold,  possibly  to 
18,600  acres  within  the  three-county  study  area  (Schafer  1985). 

(2)  The  data  tables  in  Section  3.0  indicate  sufficient  time  has 
passed  since  deposition  that  the  more  mobile  elements  (parti- 
cularly zinc)  have  begun  to  concentrate  at  lower  depths  in  the 
soil  profile;  thus,  contamination  severity  has  lessened  for 
these  elements,  but  not  for  those  which  tend  to  remain  near 
the  surface  (e.g.,  copper,  lead). 

(3)  As  discussed  previously,  the  residual  contaminants  pose  some 
concern  to  the  terrestrial  food  chain  (as  plants  growing  on 
contaminated  soils  can  exhibit  elevated  metals  levels),  while  a 
minimal  threat  to  human  health  and  welfare  appears  evident. 

(4)  Contamination  by  waterborne  and  airborne  trace  elements  prob- 
ably has  occurred  at  several  of  the  Peterson  sites,  as  judged 
by  comparison  to  certain  soils  data  collected  by  Tetra  Tech 
(1985b).  Various  untilled  and  tilled  soils  were  sampled  along 
their  Crackerville  transect  during  late  September-early  October, 
1985;  care  was  taken  to  avoid  sampling  near  irrigation  ditch 
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systems  (Schmidt  1986).  One  of  these  sample  pairs,  CT-4A  and 
4B,  was  located  within  one-half  mile  east  to  east-northeast  of 
the  RI  sample  pairs  T16:17  and  T14:15.  Acid-extractable  heavy 
metal  data  for  the  Tetra  Tech  pair  are  shown  in  Table  4-1.  The 
RI  data  (see  Table  3-4)  were  averaged,  and  the  respective  means 
divided  by  two  to  approximate  the  0-10  in.  conditions  sampled 
by  Tetra  Tech.  Inspection  of  Part  B of  Table  4-1  indicates 
generally  lower  heavy  metal  levels  at  the  CT-4B  (alfalfa)  site 
than  at  the  Peterson  sites,  especially  for  lead.  The  apparent 
difference  in  respective  metals  concentrations  is  probably  due 
in  part  to  the  historic  use  of  contaminated  irrigation  water. 
However,  the  arsenic  and  copper  concentrations  at  the  CT-4A 
(untilled)  site  average  at  least  2.4  times  the  respective 
levels  occurring  at  Peterson's.  Unless  it  can  be  demonstrated 
that  tillage  or  metals  uptake  by  crops  can  approximately  halve 
the  accumulation  of  these  metals  over  time,  the  only  other 
probable  source  is  from  particulate  airborne  deposition. 

(5)  Airborne  heavy  metal  contamination  may  have  occurred  also  at 
the  Spangler  sites.  Studies  performed  within  the  Deer  Lodge 
Valley  indicate  that  total  levels  of  arsenic,  cadmium,  copper, 
and  zinc  in  surface  (0-6  in.)  soils  and  associated  plants 
sampled  at  distances  up  to  10  mi  radius  of  the  Washoe  Smelter's 
main  stack  often  exceeded  their  respective  biogeochemical  back- 
ground levels.  This  observation  must  be  tempered  by  the  fact 
that  areal  magnitude  of  contamination  varies  from  one  element 
to  another,  while  particulate  deposition  patterns  for  the  above 
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elements  in  surface  soils  varies  non-unif ormly  with  distance 
and  direction  from  the  smelter  (MultiTech  and  Native  Plants 
1984).  Similarly,  the  marginally  elevated  levels  of  total 
arsenic  and  cadmium  measured  at  Konda's  A1  and  Thurmond's 
AlO  (upgradient)  sites  may  be  due  to  stack  emissions  from  the 
Colorado  and  Montana  Smelter  and/or  Butte  Reduction  Works. 
Both  of  these  operations  were  located  adjacent  to  Silver  Bow 
Creek  and  had  relatively  short  stacks,  wherein  the  plumes 
(containing  the  particularly  volatile  arsenic  and  cadmium) 
would  be  constrained  topographically  by  the  Silver  Bow  Creek 
channel  and  adjacent  foothills. 

(6)  Finally,  the  best  case  for  waterborne  contamination  is  found  at 
Forsen's  site  A13.  As  shown  in  Parts  A and  B of  Table  4-2,  acid 
extractable  heavy  metals  at  the  Tetra  Tech  (1985a)  sites  are 
generally  within  their  respective  geochemical  background  limits; 
the  one  clear  exception  to  this  assessment  is  total  zinc  levels 
present  within  the  upper  10  in.  of  soil  at  site  VT6B.  To 
further  test  the  probable  absence  of  significant  smelter  depo- 
sition effects,  data  from  these  two  sites  were  pooled,  log- 
normalized  and  compared  (via  Student's  two-tailed  t-test)  against 
similarly  treated  data  from  Tetra  Tech's  background  sites  BG-4A 
and  BG-4B  (Schmidt  1986).  Heavy  metals  and  pH  information  for 
these  latter  sites  are  shown  in  Part  C of  Table  4-2. 


The  null  hypothesis  (Hq)  of  no  significant  difference  (a=0.05) 
in  total  heavy  metals  contents  between  the  Deer  Lodge  and 
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TABLE  4-2 

COMPAMSON  OF  RELEVANT  VALLEY  TRANSECT  DATA  BY  TETRA 
TECH  mTH  THAT  GATHERED  AT  PORSEN'S  SITE  AlS^^) 
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COMPARISON  OF  RELEVANT  VALLEY  TRANSECT^  DATA  BY  TETRA 
TECH  VJITH  THAT  GATHERED  AT  PORSEN'S  SITE  A13(^) 
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Townsend  site  pairs  was  accepted  only  for  the  cases  of  arsenic 
and  zinc.  Therefore,  the  Valley  Transect  pair  was  accepted 
as  being  a "control"  site  for  these  two  elements  only.  No 
explanation  is  offered  immediately  for  the  surface  zinc  contam- 
ination at  site  VT6B.  The  background  zinc  levels  at  untilled 
site  VT6A  seem  to  rule  out  atmospheric  deposition,  while  use 
of  contaminated  irrigation  water  would  expectedly  result  in 
elevated  levels  of  a number  of  elements,  not  just  zinc.  Regard- 
less, Students'  two-tailed  t-test  was  performed  as  above  using 
the  VT  site  data  and  Forsen's  site  A13  data;  the  A13  data 
utilized  are  presented  in  Part  D of  Table  4-2. 

The  Hq  was  rejected  at  a=0.05  for  all  heavy  metals  but  zinc,  as 
well  as  for  pH;  the  Hq  could  be  rejected  for  the  latter  two 
parameters  if  a=0.10.  Therefore,  it  is  not  unreasonable  to 
conclude  that  Forsen's  elevated  metals  are  largely  due  to 
waterborne  contamination. 

(7)  The  RI  study  analyses  included  certain  soil  and  plant  measure- 
ments useful  in  evaluating  alternative  soil  treatment  and  crop 
management  practices  during  the  Feasibility  Studies.  However, 
as  the  primary  objective  of  this  RI  was  assessing  potential 
heavy  metals  contamination,  the  list  of  reclamation-related 
parameters  tested  for  was  by  no  means  exhaustive.  These  pos- 
sible deficiencies  are  addressed  in  the  following  recommenda- 
tions section. 
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4.3  RECOMMENDATIONS 


The  present  Agriculture  study  results  indicate  that  irrigated 
agricultural  lands  have  been  contaminated  through  use  of  waters 
taken  from  Silver  Bow  Creek  or  from  the  Upper  Clark  Fork  River,  or 
by  exposure  to  mill  tailings-contaminated  floodplain  soils.  Based 
on  the  results  of  the  SBC  Agriculture  RI , a three-tasked  approach 
is  recommended  for  follow-on  work.  The  application  of  the  analyti- 
cal screening  approach  in  Figure  4-1  will  result  in  improved  demar- 
cation of  the  contamination's  areal  extent,  refined  assessment  of 
the  severity  of  contamination,  and  evaluation  of  potential  food- 
chain  (metals  accumulation)  effects.  Such  efforts  will  be  accom- 
plished in  a cost-effective  manner,  as  sampling  costs  will  be 
minimized,  while  analytical/data  interpretation  costs  will  be  in- 
curred only  if  they  can  be  justified. 

4.3.1  Task  One 

In  Task  One,  soils  and  plant  sampling  would  continue  at  those 
irrigated  agricultural  sites  where  waterborne  heavy  metal  contami- 
nation is  either  known  or  suspected.  The  published  results  of  the 
present  SBC  Agriculture  RI  (Phase  One  - Reconnaissance)  efforts 
will  probably  stimulate  the  interest  and  concern  of  other  agricul- 
tural landowners  within  the  RI  area.  Consequently,  landowner 
contacts  are  expected  to  be  the  chief  source  for  sampling  sites. 
Concurrent  with  soil/plant  sampling,  above-ground  biomass  produc- 
tion (clipping  plot)  studies  would  be  performed. 
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FIGURE  4-1 

RECOMMENDED  ANALYTICAL  SCREENING  APPROACH  FOR  CONCLUDING 

THE  AGRICULTURAL  RI 


Air-dried,  screened  (-2mm 
mesh)  soil  sample. 

Nitric  acid/Peroxide 
Digest 

1 

ICP  detmn.  of  Cu , Zn 

I 

One  or  both  metals  elevated? 

No,  stop  testing. 

Yes,  continue 

I 

Perform  pH-dependent 
extraction  of  plant 
available  metals. 

I 

ICP  detmn.  of  Cu , Zn 

I 

One  or  both  metals  elevated? 

No,  stop  testing. 

Yes,  continue 

Perform  nitric/perchloric 
digestion  on  dried,  ground, 
plant  material,  followed 
by  Zn  and  Cu  detmn.  by  ICP 
and  possibly  As  by  HG/AAS. 

I 

Any  of  above  elements  elevated? 
No,  stop  testing. 

Yes,  continue 

1 

Are  the  elevated  levels 
toxic  to  livestock? 

No,  stop  testing. 

Yes,  continue 

2 


2 

I 

Analyze  second  portion  of  soil 
digest  for  As,  Cd,  Mn,  and  Pb 
by  ICP. 

I 

Elevated? 

No,  stop  testing. 

Yes,  continue 

I 

Analyze  second  portion  of  plant 
digest  for  above  elements 
by  ICP  and  by  HG/AAS  for  As. 
Elevated? 

No,  Stop  testing. 

Yes,  Continue 

I 

Are  the  elevated  levels  toxic  to 
livestock,  etc.? 

No,  stop  testing. 

Yes,  continue 

I 

Sample  appropriate  livestock 
tissue(s),  eg.  wool/hair, 
blood,  urine.  Digest  and  analyze 
digestate  for  above  trace  elements 
by  ICP  or  appropriate  AAS  techniques 
Elevated  levels? 

No,  stop  testing. 

Yes,  continue 

I 

Do  the  levels  indicate  toxic 
conditions  present  in  the  livestock 
sampled? 

No,  stop  testing. 

Yes,  continue 

I 

Implement  remedial  action, 
including  additional  reclamation- 
related  soils  analyses  pertinent 
to  the  affected  site  (Task  Three). 
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Plant  and  soil  sampling,  plus  clipping  plot  studies,  at  fields  re- 
putedly contaminated  would  be  accomplished  by  properly  trained 
seasonal  technicians.  Composite,  representative  samples  of  the 
upper  six  (and  possibly  twelve)  inches  of  each  profile  would  be 
acquired  using  an  Oakf ield-type  tube  sampler,  as  described  in  the 
SBC  RI  Work  Plan  (MultiTech  and  Stiller  and  Associates  1984a). 
Plant  materials  would  be  gathered  as  done  in  the  current  study's 
agricultural  sampling.  The  samples  would  be  processed  by  a sample 
bank/contract  laboratory  as  described  in  pertinent  sections  of  2.0 
of  this  document.  Site-specific  production  estimates  would  be 
acquired  via  use  of  Methods  604  and  605,  as  described  in  the  Nation- 
al Range  Handbook  (USDA  SCS  1976). 


An  impact  severity  classification  system  would  be  created  through 
field  observation  data;  heavy  metal  levels  (in  soils  and  plant 
materials)  statistically  correlated  with  yield  figures;  "climato- 
logically  averaged"  biomass  production  values  taken  from  SCS  range 
site  guides;  and  clipping  plot  studies  performed  at  the  Tetra  Tech 
geochemical  control  sites  located  near  Townsend.  The  approved 
system  would  then  be  used  to  create  an  impact  assessment  map. 


The  recommended  analytical 
left  column  of  Figure  4-1. 


screening 
The  task 


process 

results 


is  presented  in  the 
would  be  threefold: 
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Verification  of  the  spatial  extent 


of  contaminated  lands 


(possibly  as  far  downstream  as  the  Milltown  Reservoir) ; 

• Establishment  of  an  impact  severity  classification  scheme 
(i.e.  one  ranging  from  100  percent  yield  reduction  to  subtle, 
but  measurable,  yield  reductions);  and 

• Preparation  of  a preliminary  map  demarcating  these  impact 

units,  which  overlays  a suitably  scaled  (e.g.,  1:24,000) 

orthophotoquadrangle  base  map. 

4.3.2  Task  Two 

In  Task  Two,  the  potential  for  food  chain  accumulation  of  metals 
would  be  evaluated  at  sites  representing  each  of  the  above  impact- 
severity  mapping  units.  The  technical  staff  would  determine,  from 
Task  One  data  analysis  and  field  verification,  the  reference  sites 
to  be  used  in  the  foodchain  studies.  The  recommended  sites  would 
be  approved  by  the  MDHES/USEPA. 

The  recommended  laboratory  procedures  are  shown  in  the  right  column 
of  Figure  4-1;  note  that  such  efforts  would  utilize  the  site-speci- 
fic soil  and  plant  digestates  produced  by  the  Task  One  efforts,  as 
well  as  livestock  tissue  sampling  (if  it  can  be  justified).  Analy- 
ses of  other  soil  parameters  (e.g.,  organic  matter  content,  liming 
requirements)  would  be  performed  as  judged  necessary. 
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4.3.3  Task  Three 


The  third  task  would  involve  pilot-scale  reclamation  studies.  Recla- 
mation plots  would  be  established  at  selected  sites  (identified  in 
Task  Two)  to  test  the  effectiveness  of  growth  medium  changes  (e.g., 
liming,  soil  amendments,  fertilizer  rates)  and  use  of  selected  crop/ 
forage  species.  The  central  objectives  of  this  task  are  twofold: 

• Improved  productivity  on  the  affected  lands;  while 

• Prevention  of  heavy  metals  accumulation  in  the  terrestrial 
food  chain  and  simultaneous  reduction  (if  not  elimination) 
of  off-site  impacts  (e.g.,  due  to  wind  and/or  water  erosion). 

The  on-going  efforts  by  the  Deer  Lodge  Valley  Conservation  District 
et  al . at  their  reclamation  study  plots  located  on  the  Spangler 
ranch  may  serve  as  a good  model  for  implementing  this  task  (Dodge 
1984).  Data  currently  being  generated  at  the  Spangler  sites,  as  well 
as  literature  review  information,  would  be  utilized  by  the  technical 
staff  to  develop  and  implement  a series  of  reclamation  plot  studies. 
The  resulting  information  would  be  compiled  and  reviewed,  allowing 
effective  evaluation  of  the  relative  feasibility  of  various  remedial 
technologies  during  the  FS  process. 

Data  generated  at  the  Spangler  plots  (e.g.,  seed  germination  studies) 
to  date  are  encouraging.  If  they  are  continued,  and  expanded 
geographically,  they  will  support  any  site  remediation  efforts  on 
degraded  agricultural  lands. 
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SILVER  BOW  CREEK  REMEDIAL  INVESTIGATION 
AGRICULTURE  INVESTIGATION 


ATTACHMENT  I 

MEMO  TO  MIKE  RUBICH  FROM  JAY  CORNISH 
DECEMBER  14,  1984 


STATUS  REPORT  REGARDING 
THE  AGRICULTURAL  SYSTEMS  INVESTIGATION 
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In  simmary,  the  first  task  efforts  are  well  underway.  Several  cases  of  docu- 
mented (zinc)  phytotoxicity  and  (coj^r-arsenic  related)  livestock  losses  have 
been  identified.  However,  these  prcbleras  do  not  appear  to  be  as  prevalent  as 
alluded  to  in  the  Work  Plan  (p.  2-75).  Three  hypotheses  are  offered:  1)  such 
heavy  metal  contamination  is  widespread,  but  only  under  certain  sets  of  environ- 
mental conditions  does  it  beccme  severe  enough  to  be  recognized;  2)  moderately- 
to-severely-affected  landowners  may  not  be  willing  to  admit  such  problems  exist, 
for  fear  of  economic  devaluation  of  their  property  ( ies ) ; or  3)  the  agricultural 
comrunity  recognizes  and  simply  avoids  the  "hot  spots"  (e.g.,  "tailings  easement" 
areas  within  the  Clark  Fork  River  floodplain;  Jim  Windorski,  personal  connuni- 
cation) . 

Given  the  information  collected  to  date,  the  second  task  efforts  should  be  or- 
ganized as  follows.  First,  sanpling  and  analysis  of  soils,  crops  and  livestock 
should  occur  at  those  landowner  sites  vhere  such  problans  have  been  confirmed 
or  are  highly  probable  (see  Table  1).  Such  efforts  could  be  expanded  to  include 
those  sites  not  sanpled  to  date,  but  vhere  such  problens  are  suspected.  These 
efforts  are  not  redundant,  as  very  little  (if  any)  of  the  data  satisfies  "Level 
B"  QA/QC  criteria  (USEPA  1984d)  . Therefore,  this  information  may  not  be  accept- 
able for  inclusion  in  an  endangerment  assessment.  Secondly,  the  "Area  V"  tran- 
sect sanpling  of  tailings  deposits  (p.  2-41)  should  be  extended  laterally  into 
irrigated,  farmlands.  This  effort  will  provide  useful  cross-sectional  "views"  of 
heavy  metal  migration  fron,  and  possibly  back  to,  the  Clark  Fcrk  River. 

Further  details  on  methods  used,  information  gathered  and  evaluated,  plus  recom- 
mendations for  continuing  these  investigations  are  discussed  in  the  follcwing 
text. 
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TAELE  1. — SUMMARY  OF  TELEPHONE  INTEWIEW  FINDINGS^ 


PART  A.  HEAVY  ME7TAL  PHYTOTOXICITY^ 

Confirmed  Highly  Probable  (Zn-Cu-As) 

G.  Seitz  (Zn,  H)  J,  Archer  (G) 

H.  Fergeson  (H) 

S/H.  Kellicut  (H) 

H.  Spangler  (C) 


Suspected  (Zn-Cu-As) 

B.  Craddock  (H) 

W.  Konda  (H) 

D.  Ueland  (H) 

W.  Peterson  (H) 

D.  Beck  (H) 

K.  Edge  (H) 

J.  Hoag,  FFA  Farm  (H) 

D.  Forsen  (H) 

H.  Long  (H) 

B.  Murphy  (H) 

D.  Hewitt  (Opportunity 
Conmunity  Pasture),  (H) 
G.  Tammen  (H) 


PART  B.  LIVESTOCK  LOSSES  TO  HEAVY  METAL  POISONING 


Confirmed 


Highly  Probable 


Susp>ected 


J.  Archer  (Cu,  sheep) 
G.  Seitz  (As,  cattle) 


H.  Fergeson  (cattle) 
H.  Long  (cattle 


PART  C.  LIVESTOCK  FLUORIDOSIS 

Past  Problems 

B.  Arms  (cattle,  horses) 

J.  Archer  (horse) 

H.  ^angler  (cattle) 

Dutton  Ranch  (cattle) 


( MORBIDITY/MORTALITY) 

Present -Suspected  Problgns 

W.  Konda  (cattle) 

D.  Ueland  (cattle) 


Notes; 


a)  See  Appendix  A for  supporting  details. 


b)  Crop  codes  as  follows:  C = small  grains  (e.g.,  barley);  G = garden 

produce;  H = wild  or  cultivated  haylands. 
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METHODOLOGY 


Attarpts  vs^re  mde,  throughout  the  first  week  in  December,  to  contact  by  phone 
those  individuals  listed  in  Appendix  Table  4.5-5.  The  interview  protocol  was 
that  shown  in  Figure  2-7.  Ihe  previously  ccmpiled  data  base  regarding  hardrock 
mine/ smelter  effluent  effects  on  agricultural  production  was  expanded.  Ihis 
was  acconplished  via  literature  review  and  discussions  with  Mrs.  Mice  Finnegan, 
Director  of  the  Tri-County  Historical  Society's  archives  in  Anaconda. 

Tb  date,  the  references  used  to  evaluate  the  data  acquired  are  as  follows : 

• Soils,  Harrington  ^ 1983,  Schafer  1979; 

• Ehytotoxicity,  Rice  and  Ray  1984; 

® Livestock,  Clarke  ^ 1981,  Puls  1981;  and 

o Human  health,  a confidential  study  prepared  by  CH2M  Hill. 

RESULTS 

Telephone  Interviews 

Of  the  55  landowners  listed  in  Appendix  Table  4.5-5,  only  43  v^re  actually 
interviewed.  In  most  of  the  cases  of  "non-contact,"  the  particular  individual 
could  not  be  reached  despite  repeated  calling  (including  after  5:00  p.m. ) . In 
the  remaining  instances,  the  appropriate  number  could  not  be  acquired  via  the 
Butte  City  Directory  or  from  directory  assistance.  The  pertinent  results  are 
shown  in  Table  1. A more  detailed  sunmary  of  the  findings  can  be  found  in  Appendix 
A.  Of  particular  interest  are  the  cases  of  confirmed  occurrences  of  zinc  phyto- 
toxicity- arsenic  poisoning  of  cattle  at  the  Seitz  residence,  and  copper 
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poisoning  of  a buck  at  the  Archer  residence.  Furthemiore,  there  is  a high 
probability  of  As-Cu-Zn  phytotoxicity  at  four  other  garden,  hayland,  or  small 
grain  production  sites.  In  most  of  these  cases  various  mitigating  measures 
(i.e.,  deep  tillage,  liming  and  manure  application)  were  applied,  with  varying 
degrees  of  success.  Thus,  the  RC&D/SCS/Extension  Service  test  plot  studies 
being  iirplanented  at  the  Spangler  residence  will  be  followed  closely,  as  their 
results  should  contribute  significantly  to  (future)  evaluation  of  cost-effec- 
tive rarjedial  action(s).  An  overview  of  these  studies  is  presented  in  Appendix 
B (Ted  EXDdge,  personal  caTiriinication) . 

Elevated  levels  of  As  and/or  Pb  have  been  observed  in  blood  or  other  tissues 
taken  fron  horses  living  in  the  Butte-Anaconda  area.  Two  veterinarians  practic- 
ing in  Deer  Lodge  were  contacted  regarding  autopsies  of  livestock  affected 
presunably  by  heavy  metals.  To  their  knowledge,  confirmed  diagnosis  of  such 
poisoning  has  not  occurred  for  over  15  years,  (Drs.  Heaton  and  Murphy,  personal 
communications ) . HoA^ver , the  fatal  poisoning  of  cattle  or  sheep  documented 
above  show  that  such  events  do  occur  every  so  often.  Consequently,  additional 
testing  of  the  "confirmed"  and  "highly  probable"  cases  (Table  1)  is  justifiable. 
Finally,  seme  livestock  herds  may  be  stressed  presently  by  fluoride  onissions 
arising  largely  frean  the  Stauffer  Chemical  operations.  It  is  suggested  that 
any  vegetation  samples  taken  during  the  Task  2 efforts  be  analyzed  for  fluoride 
content.  In  this  manner,  the  potentially  confounding  effects  on  the  agricul- 
tural systems  heavy  metal  investigations  can  be  evaluated  effectively. 
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Literature  Review 


Efforts  vy^re  made  to  supplanent  the  discussions  contained  in  Section  4.4.2  of 
the  Work  Plan.  In  regard  to  tailings  deposition  on  floodplains,  three  articles 
were  revi^ved.  Bateman  and  Wells  (1917)  studied  the  response  of  riparian 
vegetation,  and  one  alfalfa-clover  field,  to  tailings  deposition  in  October 
1914.  The  flooding  appeared  to  be  "recent"  and  extended  frcm  Silver  Bow  Creek 
to  seme  distance  downstream  of  Warm  brings  Creek.  Chemical  analyses  of  the 
tailings  and  vegetation  indicated  willow  mortality  due  to  copper,  zinc,  arsenic, 
and  "free  sulfuric  acid"  (p.  818) . However,  other  species  such  as  Dasiophora 
fruticosa  (probably  Potentilla  sp. ) , "wild  rose"  and  an  Equisetum  (horsetail) 
species  were  generally  resistant  to  tailings  innundaticn.  These  plants  often 
thrived  in  spite  of,  "large  amounts  of  iron  and  sulfate  and  smaller  amounts  of 
zinc,  cadmium,  thallium,  with  traces  of  lead,"  (p.  815).  Snaller  amounts  of 
selenium,  tellurium,  manganese,  magnesium,  antimony,  and  aluminum  were  also 
observed.  In  regards  to  the  "deserted  farm  land"  (p.  814),  alfalfa  was  present 
only,  "in  the  slightly  elevated  spots  of  the  field  vyhile  no  grass  at  all  was 
found  at  this  place."  Ihe  clover,  "appeared  to  have  been  suddenly  killed  vhile 
in  full  blocm"  (p.  814) . 

Peter  Rice  and  Gary  Ray  (1984)  studied,  among  other  things,  the  severity  and 
extent  of  heavy  metals  contamination  present  at  the  USNPS  Grant-Kohrs  Ranch. 
Extensive  sanpling  of  the  upper  25  cm.  of  the  soil  profile  indicated  that  total 
As,  Cu,  and  Cd  levels  are  one  to  tvvo  orders  of  magnitude  greater  than  concen- 
trations in  similar  soils  from  areas  not  ejposed  to,  "major  sources  of  anthro- 
pogenic pollution"  (p.  64).  The  severity  of  contamination  generally  decreased 
as  one  moved  away  from  and  above  the  river.  Ihe  major  exception  were  those 
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topographical ly  elevated  fields  crossed  with  irrigation  ditches  and  subsequently 
affected  by  occasional  flooding.  Acute  phytotoxicity  is  evident  at  the  "slick- 
ens"  located  in  the  riparian  zone.  There,  total  Cu,  As,  and  Cd  levels  averaged 
1630  ppn,  176  ppm,  and  5.0  ppm,  respectively.  It  is  probable  that  subtle 
chronic  phytotoxicity,  due  particularly  to  copper,  is  also  occurring  on  por- 
tions of  the  ranch.  There  does  not  appear  to  be  a risk  of  acute  metal  poison- 
ing of  livestock  on  the  property.  However,  Rice  and  Ray  recamended  fencing 
and  grazing  practices  that  would  exclude  livestock  from  areas  with  high  soil 
and  plant  heavy  metal  concentrations,  especially  in  the  spring  and  fall.  They 
also  recomnended  "dilution  feeding"  vhereby  replacenent  hay  obtained  from  "non- 
contaminated  areas"  would — upon  feeding  to  the  animals — reduce  the  dosage 
consuned  by  grazing  on  pasture  grown  on  the  Ranch  (p.  68). 

The  third  article  deals  with  heavy  metal  enrichment  of  Oker  River  floodplain 
sediments  in  Germany,  (Baumann  1984) . This  river  flows  from  the  Harz  Mountains 
and  carries  mine-mill-smelter  wastes  generated  by  centuries  of  extraction  and 
processing  of  silver-hearing  Eb-Zn-Cu  sulfide  ores.  "Extreme  enrichment"  of  Eb 
and  Zn  and  "mediim  to  major"  enrichment  of  Cu,  in  contrast  to  the  "minor  enrich- 
ment" of  Co  and  Ni  in  the  floodplain  sediments  can  be  traced  at  least  200  km 
downstream  of  the  effluent  sources.  Although  mineral  processing  is  viewed  as 
the  major  contributor,  such  discharges  have  been,  "recently  augmented  by  ccxitri- 
butions  from  domestic  and  industrial  sewage  water..."  (p.  590).  The  iirpacts  on 
river  valley  ecosystems  have  been  known  for  nearly  two  centuries.  The  Inner ste 
River  also  drains  portions  of  the  old  mine-smelter  district.  C.  F.  W.  Meyer 
observed  (ca  1822)  stunted  growth  of  herbs  and  com  cultivated  on  alluvial 
soils  in  the  Inner  ste  Valley,  "a  phenomenon  vhich  is  still  noticeable  at  present 
time,"  (p*  590).  Meyer  also  noted  that  horses  and  cattle  grazing  in  the  upper 
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portions  of  the  Valley  often  died  of  metal  poisoning.  "Unusually  frequent 
diseases  and  sudden  dying  of  poultry  in  the  Innerste  Valley  were  caused  by 
metalliferous  sediments"  (p.  590) . 

Mrs.  Finnegan  informed  me  that  Mr.  Tom  Radonidh  (AMC)  will  deliver  archival 
materials  pertaining,  "to  the  history  of  Opportunity,  including  the  "smoke 
case",  one  of  these  days,"  (personal  cortnunication) . Many  boxes  of  ccnpany 
records  are  stored  currently  in  the  old  City  Hall.  Unfortunately,  they  have 
not  been  catalogued  or  organized  by  subject  matter;  subsequently,  location  of 
docunents  pertinent  to  this  investigation  will  probably  be  difficult  to  find. 
However,  the  Montana  State  Historical  Society  is  currently  archiving,  "approxi- 
mately 800  cubic  feet,"  of  AOi/AMC  files  (Ms.  Ellie  Arguinibau,  personal  cotnu- 
nication).  Ms.  Arguimbau  is  currently  searching  the  materials  for  internal 
reports,  etc. , regarding  smelter-agriculture  conflicts.  I will  peruse  any  such 
docunents  discovered  by  her,  and  brcwse  the  relevant  portions  of  the  Bliss  vs. 
Anaconda  Copper  Ccmpany  transcripts,  vyhile  in  Helena  on  December  17,  1984. 

Acquisition  and  review  of  pertinent  literature  continues;  currently  the  two 
treatises  being  studied  are  those  by  Martin  and  Coughtrey  (1982)  and  by  Nriagu 
(1979).  Important  findings  will  be  passed  aloig  via  the  monthly  management 
status  reports. 
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REGOMMENEATIONS 


E^ase  I,  Task  One 

Presently,  there  appears  to  be  at  least  five  landowners  v^ho  have  lost  livestock 
and/or  observed  phytotoxicity  as  a result  of  heavy  metal  contamination  (Table  1) . 
The  follcwing  efforts  should  be  conpleted  prior  to  the  end  of  December; 

• Inspection  of  aerial  photography  plus  geoedaphic/tcpographic  data  pertinent 
to  the  above  lands.  This  will  include  office  visits  and/or  telephone 
conversations  with  Ted  Dodge,  Huey  Long,  Bill  Schafer,  Dave  Streufert,  and 
Bob  Tribe Ihom. 

® Visit  at  least  several  of  the  affected  landowners,  time-  and  weather- 
permitting.  In  such  cases,  the  protocols  shewn  in  Figure  2-8  of  the  Work 
Plan  will  be  followed. 

The  five  landowners  will  be  interviewed  prior  to  formal  completion  of  Task  One. 
This  task  should  be  conpleted  by  late  January  1985. 

Phase  I , Task  Two 

Reconnaissance  level  sampling  of  soils,  plant  materials  and  livestodk  tissues 
will  occur  at  those  sites  where  it  can  be  justified  (i.e.,  the  above  five 
landowners  and  at  several  as  yet  unidentified  "control"  sites) . Sanpling  meth- 
odologies will  follow  those  proposed  for  Phase  II  (pp.  2-90  through  2-101  in 
the  Work  Plan).  A tentative  addition  is  clip-plot  studies.  The  aerial  bionass 
("yield")  data  can  be  ccarpared  against  certain  physiochemical  data  (e.g.,  soil- 
extractable  Zn);  the  search  for  inverse  relationships  between  production  and 
potential  contaminants  can  then  occur.  The  "additional  parameters"  mentioned 


1-9 


£<» 

.ixyfl 

-oa.!  ^ f i 

• -.■,^.1  - «!f  » 'XJ.  t-r.tr- 

“■'  ■’•  Jfc 

diei  . 

i»st|r“  . «'  , , 

v;  •^  •a«>3n 

. i.  -tw*’! 

1 i:maitm0 

f 'yjx*  : 

••  ' ^.r  t J 

' >0\*.V4* 

J 

IC'  4’J-  ' •' . . ■ 4 

; ---  .*3  jcl' 

•6»’ 

'M 

AA  fi  m'C 

= * AW  - ...  .♦  r.... 

j ^A.  '■'V-.xw  ^r,.-\-  .4  . ai  ixiiii  . . ' ..*^■^.6-!  iV 


- XiviliBri*  - 

-«rf  : •:  •.* -i  O v. 


iXfd 

fix-  ^rtj  |;.,jt^.*  .tasii.'  -s*  • 

i 

• 'bdcJKJit;  rti^  ,it!  .jT',  n . .j  #4iri^ 


>(' 


•9^'ild  ^ aid  4i..N'  n»‘<] 

.»Wl  ftji  rxv  : v:  **^  t 


m' 


^ .. 


«t 


'■■  • - -■■-  t-  ‘-U  ■-  ^ 

i j Vi/OaU'  f ) f«4t  « w i 

• • ■1'^  « ! ’ .fL%-^  ’ 

t ^ . * ■ ‘ ‘ ■■<*  0®-i  - "|jj  ^ » i ■*  I 1 1 S ■ i ' . . 

’ r^ti  Sob^ 


iW.>  4 t 

.»•  ' . - 
•4.  • ♦ V* . , ^ '■ 


*WK>  ll  ^ 

^Jiueml 

*>*.e*',,c* 


I ..- 1 ' ' 


tki  JL  •■'■'- 


J,  tf*>lrrvt  j f -,y*4  ' 


mi 


* <l  Afl*  '*  l^r  •. 

t-  s ■ • ) 

. #4-,^  J ^ 

- Sti'-TO  ,■■ 

I ; 


“ - . . . 


on  p.  2-69  should  include  the  following:  EC;  extractable  N-P-K;  extractable 
As,  Cu,  Zn;  organic  matter,  pii,  sulfate  ion,  and  textural  analysis.  All  sanpl- 
ing  and  analytical  techniques  will  follow  "Level  B"  Quality  Control/Quality 
Assurance  (QC/QA)  criteria.  The  above  efforts  wDuld  be  scheduled  for  late 
^ril-early  May  1985.  This  will  allow  adequate  time  for  deciding  whether  or 
not  to  inplenent  Phase  II  activities  by  mid-June,  in  accordance  with  the  Work 
Plan  (p.  2-96). 

A second  approach  is  to  extend  the  "Area  V"  tailings-transects  (p.  2-41)  later- 
ally into  irrigated  farmlands,  (Bill  Schafer,  personal  ccmminication) . Depth- 
integrated,  carposite,  sanpling  of  tailings  and  soils  could  be  inplemented  as 
shown  in  Figure  1.  Ihe  sampling  and  analytical  methodologies  would  be  similar 
to  those  discussed  above.  The  subsequent  statistical-graphical  evaluations 
will  provide  useful  information  on  heavy  metal  migration  from,  and  possibly 
back  to,  the  Clark  Fork  River.  These  efforts  would  be  scheduled  also  for 
Spring  of  1985. 
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APPENDIX  A — PERTINENT  FINDINGS  RESULTING  FROM  THE  TELEPHONE-RELATED 

INTERVIEWS 

PART  A.  MILE-HIGH  SOIL  CDNSERVATION  DISTRICT  (SILVER  BOW  COUNTY) 


LandoMier (s ) Name(s) 

Oannents 

Mr.  Benton  Arms 

Doubts  that  heavy  metals  have  affected  his  soils, 
crops  or  livestock.  However,  Stauffer  Chemical 

veterinarians  annually  inspect  his  cattle  for 
fluoridosis  problatis;  he  alledges  past  damage  to 
both  cattle  and  horses  as  a result  of  consuming 
fluoride-contaminated  plant  materials. 

Mr.  Bill  Craddock 

Has  "patchy  areas"  vshere  grass  does  not  grow,  and 
suspects  anelter  fallout;  however,  he  has  not  tested 
soils  or  crops  for  heavy  metal  content.  In  regards 
to  livestock,  Stauffer  has  compensated  him  for 
cattle-related  fluoridosis  problems  in  the  past. 

At  his  suggestion,  his  daughter  (Mrs.  Judy  Archer) 
was  contacted  regarding  garden  soils  analyses.  The 
report  fom  indicates  483  ppm  total  As,  >10.0  ppm 
extractable  Cu  (extractant  unknown),  and  >4.0  ppm 
extractable  Zn  (extractant  unknown) . However,  it 
was  stated  that,  "detrimental  levels  of  copper  and 
zinc  were  observed",  and  deep>-plcwing  or  liming  was 
recommended.  She  has  tried  N-P  fertilization  and 
manure  over  the  past  17  years,  with  mixed  results. 
They  have  had  one  4-year  old  buck  (sheep)  autop>sied, 
with  confirmed  copper  pxoisoning  diagnosed,  (i.e., 
"the  liver  was  shot" ) . Previously,  a horse  was 
autopsied,  with  high  fluoride  observed  in  the  bones. 

Mr.  Walter  Konda 

Overflow  areas  adjacent  to  Silver  Bow  Creek  have 
problems  with,  "getting  grass  to  grow"  and  he 
suspects  copper  pxoisoning.  Soil  analyses  were 
performed  "years  back"  but  Mr.  Konda  cannot  ranember 
the  details.  Stauffer  Chemical  continues  fluoride 
testing  of  his  cattle. 

Mrs.  (Don)  Ueland  (12/3) 

They  have  pesturelands  with  sufficient  acidity  that 
liming  is  required.  However,  she  suspects  fluoride 
contamination  rather  than  heavy  metals.  Stauffer 
Chanical  veterinarians  annually  test  for  fluoride 
content  in  their  cattle. 
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APPENDIX  A~PERriNE3Srr  FINDINGS  RESULTING  FROM  THE  TELEPHONE-RELATED 

INTERVIEWS  (CONTINUED) 


PART  A.  MILE-HIGH  SOIL  CONSERVATION  DISTRICT  (SILVER  BOW  COUNTY)  (CONTINUED) 


Landowner (s)  Name(s) 

Corments 

Mr.  Dan  Ueland  (12/5) 

Mr.  Ueland  is  nearly  certain  that  srrelter  fallout 
has  affected  his  lands.  His  soils  are  tested 
currently  for  pH,  N-P-K,  and  "sane  metals" . At 
present,  he  suspects  cattle  fluoridosis  as  a result 
of  consuning  contaminated  forage;  arsenic  contami- 
nation may  have  been  a problem,  "15-20  years  ago". 

Mr.  William  Peterson 

Remarked  that  his  soil  contamination  problans,  "are 
old  ones."  In  the  past,  soils  have  been  analyzed 
for  heavy  metals  as  follows;  22.16  ppm  Cu;  21.7 
ppm  Zn;  24.74  ppm  Fe;  19.56  ppm  Mn,  and  101.25  ppm 
As.  Unfortunately,  the  exact  satrpling  location  is 
not  clearly  stated  on  the  report  form. 

PART  B.  DEER  LODGE  VALLEY  SOIL  CONSERVATION  DISTRICT  (DEER  LODGE  AND  POWELL 


COUNTIES) 

Landowner (s)  Name(s) 

Conments 

Mr.  Charles  Beck 

"Small  problems  occurred  30-40  years  ago,  but  the 
metals  have  probably  been  leachel  out."  He  doubts 
that  any  sampling/analysis  for  heavy  metals  has 
been  done  (on  his  property)  for  at  least  15  years. 

Mr . Don  Beck 

Has  property  east  of  the  CFR  near  Racetrack  vshere 
"copper  slimes"  have  caused  prcblems  with  hay 
production  in  the  past.  However,  he  has  never 
sairpled  his  soils,  crops,  or  livestock  to  check  for 
heavy  metal  problems. 

Mr.  Melvin  Beck 

Although  heavy  metal  problaus  are  not  evident  on 
his  property,  he  referred  to  "sterile  lands"  adja- 
cent to  the  Prison  Ditch.  Furthermore,  waters  in 
the  Westside  Ditch, " used  to  turn  brown  in  the 
spring , causing  the  crops  to  turn  yellow, " but  "were 
then  OK  afterwards." 

Dutton  Ranch 

MSU  has  tested  soils,  crops,  and  livestock  parts  in 
years  past  in  regards  to  litigation  with  the  Garri- 
son phosphate  operations. 
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APPENDIX  A — PERTINEOT  FINDINGS  RESULTING  FROM  THE  TELEPHONE-RELATED 

INTERVIEWS  (CONTINUED) 


PART  B.  DEER  LODGE  VALLEY  SOIL  CONSERVATION  DISTRICT  (DEER  LODGE  AND  POWELL 
COUNTIES)  (CONTINUED) 

Landov>iner(s)  Name(s)  Gamients 


Mr.  Leonard  Eliason 

Ranarked  that  contaminated  bottomlands  exist;  his 
father,  "sold  ~40  acres  to  the  ACM  years  ago."  Mr. 
Eliason  researched  means  of  "clearing  up  the  river" 
during  the  late  1950s  through  early  1960s.  He 
thinks  that  his  field  notes  may  be  around  hone, 
vhile  other  conpany  records  may  be  archived  in 
Tuscon,  Arizona. 

Mr.  Keith  Edge 

He  has  lands,  "near  the  old  ditch  vhere  nothing 
grcws, " despite  liming  and  use  of  different  grasses 
(e.g.,  wild  rye,  barley).  Although  he  has  never 
tested  the  soils,  crops,  or  livestock,  he  thinks, 

" somebody  tested  down  by  the  river,"  (Hydrcmetrics?) 

Dr . Harry  ftergeson 

Despite  his  reticence  it  was  learned  that;  he  does 
have  lands  probably  contaminated  by  heavy  metals; 
has  had,  "at  least  50  EPA  jokers  sanpling, " but 
does  not  remember  their  names , etc . ; does  possess 
chemical  analyses  of  livestock  tissues,  but  would 
not  state  the  parameters  and  will  not  let  the  data 
be  released  for  inspection.  However,  he  is  the 
past  President  of  the  American  College  of  Veterinary 
Toxicology  and  would  be  willing  to  help  inplonent 
the  livestock  investigations,  "for  a price." 

FFA  Fhm,  Powell  County 
High  School  (Mr.  Jim  Hoag) 

Mr.  Hoag  has  not  observed  adverse  effects  on  their 
native  hay-pasture  lands.  The  results  of  May  '83 
soils  testing  (MSU)  included  the  follcwing  DTPA- 
extractable  results:  Cu  44.8  ppm;  Fe,  30.7  ppn;  Mn, 

30.7  ppn;  and  Zn,  129.8  ppn.  No  livestock  problons 
have  resulted  from  consuming  these  plant  materials. 

Mr.  Dick  EDrsen 

Has  ~300  acres  of  land  (east  of  the  CFR)  that  are 
not  being  cultivated;  he  presones  the  problem  has 
arisen  from  heavy  metal  accumulation  as  a result  of 
irrigation  over  time.  However,  the  area  has  begun 
to  naturally  revegetate  over  the  past  18  years 
without  the  use  of  irrigation. 

Mrs.  (Orville)  Fries 

She  said  their  property  is  OK,  but  remarked  that 
the  "ACM  has  waste  ground  within  the  Valiton  tract . " 
(Note:  The  plot  book  in  Deer  Lodge  shews  this  land 

to  be  in  the  NE  1/4  of  the  NE  1/4  of  Section  9, 
T6NR9W;  to  the  Assessor's  knowledge,  this  is  the 
only  land  given  such  designation. ) 
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APPE20IX  A — PERTINENT  FINDINGS  RESULTING  FROM  THE  TELEPHONE-RELATED 

INTERVIEWS  (CONTINUED) 


PART  B.  DEER  LODGE  VALLEY  SOIL  CONSERVATION  DISTRICT  (DEER  LODGE  AND  POWELL 
COUNTIES)  (CONTINUED) 

Landovvner (s)  Name(s)  Ccmrients 


Mr . Rasmus  Indreland 

Mr.  Indreland  has  researched  the  problem  of  lands 
contaminated  (by  heavy  metals)  as  a result  of  using 
Clark  Fork  River  water.  He  claims  that  flooding 
during  the  period  1912-1918  resulted  in  massive 
discharge (s)  of  tailings  fron  the  Washoe  operations; 
scmevshere  between  15,000-20,000  acres  of  bottanland 
were  subsequently  contaminated  with  As-bearing 
wastes  (~48  acres  of  vhich  are  on  his  prcperty) . 
Although  ccw  manure  and  fertilizer  mitigated  much 
of  the  problan,  it  was  very  expensive  to  do  so. 
The  ACM  Co.  purchased  1/3  to  1/2  of  such  affected 
lands,  and  acquired  "flowage  easanents  up  to  the 
highwater  mark  on  most  of  the  rest  at  least  as  far 
as  Deer  Lodge."  (Note;  Mr.  Jim  Windorski  has 

vouched  for  the  existence  of  the  tailings  easements, 
but  was  not  sure  about  the  above  details.  The 
Assessor's  office  in  Deer  Lodge  was  not  sure  about 
any  of  the  above  matters . ) Mr . Indreland  has  never 
had  his  soils,  etc.,  tested  for  heavy  metals  as  he, 
"knows  that  ACM  land  is  poisoned." 

Mr.  Bud  Jacobson 

He  doubts  heavy  metal  problaiis  exist  currently  on 
his  lands.  Hoover,  he  recounted  his  father's 

(past)  experience  mth  horses  ctying  of  arsenic 
poisoning,  especially  during  the  fall.  The  presuTied 
cause  was  heavy  metal  particulate  accumulation, 
"sticking  to  the  grass." 

Mr.  Allen  P.  Johnson 

He  has  had,  "no  problems  to  speak  of  since  the  late 
1950s;"  he  recalled  times  vhen  he  had  to  close  the 
main  diversion  gate,  vhen,  "the  water  [in  the  Kohrs- 
Manning  Ditch]  looked  like  mud,  after  turning  the 
smelter  loose." 

Mrs.  (Bill)  Johnson 

They  have  several  acres  of  land  adjacent  to  the 
River  that,  "are  under  the  ACM  tax  rolls."  As  the 
land  has  been  affected  adversely,  they  "have  stayed 
away  from  it."  The  Johnsons  have  not  tested  this 
land  for  its  heavy  metal  content. 
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APPENDIX  A— PERTINENT  FINDINGS  RESULTING  FROM  THE  TELEPHONE-RELATED 

INTERVIEWS  (CONTINUED) 


PART  B.  DEER  LODGE  VALLEY  SOIL  CmSERVATION  DISTRICT  (DEER  LODGE  AND  POWELL 
COUNTIES)  (CONTINUED) 

Landowner  (s)  Name(s)  Camients 


Skip  and  Helen  Kellicut  Their  16  acres  of  property  lies  in  a strip  east  of 

the  River  and  has  been  contaminated  with  Cu  and  Zn; 
being,  "the  highest  copper  and  zinc-containing  soils 
ever  received  at  MSU."  The  SCS  has  recarmended  Gar- 
rison creeping  foxtail,  "but  it  has  not  done  as  well 
as  the  natural  redtcp."  Mrs.  Kellicut  will  search 
their  files  for  the  analytical  results.  USEPA  per- 
sonnel have  sarrpl ed/analyzed  several  garden  vege- 


tables.  The  results  are  shown  belcw  (data 

in 

ppn) : 

Vegetable 

As  Cu 

Zn 

Potatoes 

ND  1.7  ± 

0.34 

3.0  ± 

0.6 

ND 

ND 

Lettuce 

0.02  ± 0.004  0.21  ± 

0.05 

2.6  ± 

0.52 

ND 

ND 

Sncw  Peas 

ND  1.0  ± 

0.2 

8.5  ± 

1.7 

ND 

ND 

( where  ND  = Not  detected) 

Their  livestock  eat  the  bottanland  hay  (during  the 
growing  season  and  into  the  fall ) ; there  has  been 
no  problems  evident  as  a result  of  consuning  these 
materials.  The  manure  is  then  used  to  fertilize 
the  garden. 

Mr.  Huey  Long  "A  small  acreage"  of  contaminated  land  exists 

adjacent  to  an  old  irrigation  ditch,  as  well  as 
"slickens"  in  the  bottcmlands  (on  his  property) . 
These  areas  have  not  been  tested  for  heavy  metals, 
however.  He  has  had  livestock  losses  following 
feeding  in  the  bottcmlands,  but  the  "animals  were 
in  rough  shape  upon  arrival."  Currently,  he  is 
considering  butchering  a "dry  ccw"  and  having  cer- 
tain tissues  analyzed  for  heavy  metal  content.  Mr. 
Long  thinks  that  much  of  the  metals  present  in  the 
"wastelands"  south  of  Deer  Lodge  are  slowly  leach- 
ing, "as  the  vegetative  cover  is  good." 

Mrs.  (Bill)  Murphy  They  have  problems  with  a field,  "above  the  flood- 

plain"  but  don't  know  what  the  cause  is;  they 
subnit  sanples  to  MSU  annually  for  fertilizer  test- 
ing, but  not  for  heavy  metals.  No  problems  are 
evident  regarding  cattle  and  horses  eating  the  hay. 
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APPENDIX  A — PERTINENT  FINDINGS  RESULTING  FROM  THE  TELEPHOSIE-RELATED 

INTERVIEWS  (CONTINUED) 


PART  B.  DEER  LODGE  VALLEY  SOIL  CmSERVATIQN  DISTRICT  (DEER  LODGE  AND  POWELI 
COUNTIES)  (CONTINUED) 

Landov\ner  (s ) Name(s)  Ccntuents 


Mr.  Lars  Olsen 

Mr.  Olsen  runs  cattle  on  both  sides  of  the  River, 
and  has  lands  contaminated  by  tailings.  However, 
he  is  totally  opposed  to  any  studies  on  his  land. 

Opportunity  Comnuinity 
Pasture  (Mr.  Don  Hewitt) 

Mr.  Hewitt  loiows  of  spots  vshere  vegetative  growth, 
"isn't  too  good;"  as  no  heavy  metals  sampling/analysis 
efforts  are  known  to  him,  it  is  not  clear  vshether 
this  is  part  of  the  problem.  However,  he  doesn't 
suspect  heavy  metal  toxicoses  in  the  cattle  or 
horses . 

Mrs.  (Jack)  Probert 

Have  seme  salinity-related  cropping  problems,  but 
doubts  any  influence  from  heavy  metals  (although 
they  have  never  tested  for  such) . 

Mrs.  Audrey  Ragsdale 

Several  acres  of  land  on  the  "old  farm"  have  been 
contaminated  with  tailings;  she  wasn't  sure  whether 
or  not  tailings  are  present  on  the  active  property. 
Her  son  is  working,  "with  Bob  Tribelhorn  on  a minor 
arsenic  problem."  (Note:  Bob  isn't  sure  that  he 

has  ever  helped  Scott  on  this  matter,  but  will 
check  with  the  field  crew  to  see  if  they  were 
involved  or  if  any  samples  have  been  sent  to  MSU 
for  analysis.  Huey  Long  has  mapped  the  soils  of 
the  area,  but  can't  recall  submitting  any  sairples 
for  heavy  metal  analyses ) . 

Rock  Greek  Cattle  Co. 
(Mr.  Don  Davis) 

They  have  property  adjacent  to  River  which  was  flood 
irrigated  "way  back"  in  the  past;  although  seme 
vegetative  cover  exists,  its  grewth  "has  been  set 
back."  He  recalls  soil  analyses  indicating  high 
levels  of  Cu  and  Zn,  but  doubts  he  can  find  the 
data  sheets. 

Mr.  Greg  Seitz 

He  has  lands  wherein  zinc  phytotoxicity  has  been 
identified  via  soil  analyses  performed  ~3  years 
ago;  extractable  Zn  levels  ranged  frem  7-246  ppn. 
The  USEPA  has  sanpled  garden  produce  acquired  frem, 
"the  hired  man"  but  they  have  never  received  the 
analytical  results.  (Note:  Jim  Dunn  recalls  no 

phytotoxicity  problems  or  likelihood  of  chronic 
human  toxicity  observed  at  the  Marty  Hunter  proper- 
ty, directly  east  of  Seitz's.) 
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APPENDIX  A — PERTINENT  FINDINGS  RESULTING  FROM  THE  TELEPHC3SIE-RELATED 

INTERVIEWS  (CONTINUED) 


PART  B,  DEER  lODGE  VALLEY  SOIL  CONSERVATION  DISTRICT  (DEER  LODGE  AND  POWELL 
COUNTIES)  (CONTINUED) 

LandovNner  (s)  Nanie(s)  Ctnirvents 


Mr.  Seitz  also  mentioned  a derailment  of  a concen- 
trate (railroad)  car  v^erein  a ccrrplete  cleanup 
never  occurred;  rather,  the  area  was  fenced  off. 
He  is  concerned  about  this,  as  the  materials  are 
mixing  with  adjacent  spring  water,  forming  "blue 
water"  which  may  be  toxic.  He  has  lost  9 head  of 
cattle  vsherein  the  MSU/Veter inary  Laboratory  analy- 
ses strongly  indicate  acute  arsenic  poisoning;  Mr. 
Seitz  will  search  his  records  for  the  laboratory 
data.  He  continues  to  lose  cattle  to  vhat  appears 
to  be  "grass  tetany"  (i.e.,  hypomagnesemia);  how- 
ever, this  diagnosis  needs  to  be  confirmed  from  the 
liver  and  kidney  analyses  new  being  performed  by 
the  MSU/Veterinary  Laboratory. 

Mrs.  Hazel  Spangler 

Mrs.  Spangler  has  fields  \Aherein  the  yield  of  barley 
is  only  one-half  of  that  expected,  and  suspects 
heavy  metal  contamination,  especially  As.  She  has 
had  no  problems  regarding  cattle  fluoridosis,  "for 
over  three  years."  (Note:  preliminary  soils  map- 

ping and  limited  soils  testing  has  been  done  by 
Huey  Long  et  al.  Ted  Dodge  et  al.  have  initiated 
test  plot  TImIng/revegetation  studies  focused  on 
cost-effective  approaches  to  reclaiming  heavy 
metal-affected  lands.) 

Mr . Gerald  Tamnen 

He  has,  "patches  of  ground  vhere  production  is 
spotty,"  and  suspects  smelter  fallout  as  being  part 
of  the  problem.  MSU  has  analyzed  soil  samples  and 
reported  heavy  metal  content  as  being,  "just  barely 
safe . " The  addition  of  manure  was  also  recortmended . 

Note:  a)  The  telephone  log  (interview)  sheets  are  stored  in  project  files  at 

MultiTech . 
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ATTACHMENT  II 


MULTITECH 

Vi^ 


A Division  of  MSB,  Inc. 

P.O.  Box  4078 
Butte,  MT  69702 
(406)494-6319 


February  8,  1985 


Mike  Rubich 


Robert  Trout 


Gordon  Huddleston 


Jay  Gomish 


Status  Report  (II)  Regarding  the  Agricultural  Systans 
Inves  LigaLicai 


This  memorandim  presents  work  accorplished  towards  conpleting  Task  One  of  the 
Ehase  I agricultural-related  investigations.  It  includes  a reccmnended  list 
of  8 primary  and  4 alternate  sanpling  sites.  Landowner  site  characteristics  are 
presented  in  Table  1.  Following  MDHES  approval,  landowner  visits  will  be 
inplanented  to  document-stake  actual  sanpling  sites.  Attenpts  will  be  made 
to  ccnplete  these  visits  by  the  end  of  this  month.  In  such  case,  limited 
core-drilling  could  occur  in  March,  prior  to  encountering  ground-thaw/ site 
access  problems.  Otherwise,  site  conditions,  crop  phenology  (sampling)  require- 
ments and  necessary  soil  mapping  activities  could  postpone  sanpling  until  early 
July.  However,  this  wculd  be  the  case  regardless  of  scale-of-investigaticn,  if 
crop  material  is  to  be  concurrently  sanpled  (as  stated  in  the  Work  PlanTT 

METHODOLOGY 

Intially,  those  individuals  listed  in  the  first  (12/14/84)  memo  were  re- 
contacted so  as  to  validate  their  pertinence  to  this  study.  The  objective 
was  to  eliminate  from  further  consideration  those  landowners  v\ho  are  affected 
largely — -if  not  solely — by  particulate  fallout  fron  the  smelter  stack.  Subse- 
quently, the  original  list  (Table  1,  Parts  A and  B,  in  the  Decariber  mano)  was 
revised.  Further  conversations  with  USDA/SCS  personnel  in  Deer  Lodge  and 
Whitehall  inspection  of  aerial  photography  and  topographic  maps,  and  review  of 
county  landcwner  records  v\ere  ocnpleted  also.  Ihe  "new"  list  was  prepared  using 
three  major  criteria.  These  criteria  are:  perceived  relevance  to  Work  Plan 
objectives;  apparent  landcwner  willingness  to  participate  in  these  studies; 
and  availability  of  background  data  (e.g.,  crop>- field  management  history) 
useful  in  evaluating  the  laboratory  data.  The  three  basic  site  types  are 
as  follows:  those  exhibiting  surface  accumulation  of  mill  tailings;  those 
or  the  Clark  Fork  River;  or  fields  irrigated  or  subirrigated  using  either 
of  these  waters. 


Date: 

To: 

Thru: 

Copies: 

From: 

Subject: 
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TABLE  1.— LANDOWNER  SITES  RECOMMENDED  FOR  AGRICULTURAD- 

RELATED  SAMPLING.  ^ 


PART  A.  FIRST 
Landowner  Nanve 
C.  Benson 


D.  FDrsen/Mrs. 
PYank  Lovell. 

J . HDllenback 
S./H.  Kellicut 

W.  Konda 

H.  Long 
W.  Peterson 


CHOICES 

Site  Location/Map  Code^ 
SE  1/4  33,  T7NR9W/8 


NE  1/4  16,  T7NR9W/9 


NW  1/4  36,  TIONRllW/ 
Figure  2 


NW  1/4  21  T6NR9W/4 


NW  1/4  16  T3NR9W/1 


NE  1/4  9 T6NR9W/7 


SE  1/4  35  T4NR10W/3 


Oatinents 


He  cwns  hundreds  of  acres  of  land 
in  Sections  16,  21,  28  and  33 
v^ich  are  probably  affected  by 
Valiton  Ditch  (contaminated)  waters 
and/or  mill  tailings  inundation. 

Also,  a major  livestock  producer 
who  allows  sane  of  his  cattle  to 
graze  in  the  Clark  Fork  River 
bottonlands . He  is  very  eager  to 
cooperate  with  this  study. 

Operations  incorporate  most  of  the  old 
Prison  Farm,  vhich  was  severely 
affected  by  use  of  Valiton  Ditch  waters 
(for  irrigation).  They  are  very 
willing  to  cooperate  with  this  study. 

Based  upon  phone  description  of  his 
property,  this  would  ba  a good 
"control  site". 

Previous  USEPA  (garden  produce) 
sampling,  ongoing  water  quality 
sarrpling  by  Stiller  et  al.  and 
description  of  problons  with  their 
subirrigated  hay  field  make  this 
an  interesting  "focxi  chain"  study  site. 

A good  site  as  he  is  knowledgeable 
about  long-term  cropping  history  and 
is  very  willing  to  cooperate  with  the 
study.  Stiller  et  al.  are  currently 
sanpling  near  his  property. 

Very  knowledgeable  regarding 
soils  contamination  by  mill  tailings 
problem.  Very  willing  to  cooperate 
with  the  study. 

The  site  was  probably  contaminated 
by  tailings  overflow,  as  well 
as  heavy  metal-laden  waters,  from 
the  Yellow  Ditch  (which  flowed 
from  Silver  Bow  Creek) . 
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Landowner  Name 


H.  ^angler 


Site  Location/Map  Code^  Ocnnients 

SW  1/4  25  T4NR1CW  or  Ihe  former  site  is  being  invest- 

SE  1/4  36  T4NR1CW/2A,B  igated  by  the  Headwaters  Resource 

Ccnversation  and  Development  Office 
et  al.  The  latter  site  has  been 
exposed  to  mill  tailings  and 
irrigation  water  taken  fran  Silver 
Bow  Creek.  She  will  be  very 
cooperative. 


PART  B.  SECOND  CHOICES 


landowner  Name  Site  Location/Map  Code  Cannents 


D.  Beck 


NE  1/4  16,  T6NR9W/5 


Very  close  to  Kellicut's  property. 


K.  Edge 


SE  1/4  9,  T6NR9W/6 


Very  close  to  Long's  property. 


H.  Etergeson 


FFA  Ebrm 
Jim  Hoag) 


NE  1/4  23,  T4NR10W/4 


SE  1/4  16  T8NR9W/not 
shown  in  either  figure. 


He  may  be  difficult  to  work  with; 
"equivalent  ground"  owned  by 
Spangler  is  right  adjacent  to  his 
property. 

Located  approximately  2.5  miles  N.  of 
Deer  Lodge;  it  vsould  be  a useful 
"contaminated"  site,  if  cxie  is 
needed  north  of  town. 


Notes:  a)  All  phone  logs  and  other  supporting  data  are  available  for  inspection 

at  MultiTech.  See  Appendix  A for  further  details  regarding  phone 
interviews/office  visits. 

b)  See  Figures  1 and  2 for  sanpling  site  locations.  Sites  are  numbered 
in  a "downstream"  direction,  starting  west  of  Butte  and  proceeding 
northerly  from  there. 
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Finally,  sites  were  located  so  as  to  evaluate  the  potential  variability  in 
tailings-irrigation  water  effects  (on  agricultural  systems)  as  one  travels 
downstream  fran  Butte  to  Deer  Lodge. 

RESULTS 

The  inportant  findings  and  conclusions  fran  the  personal  and/or  phone  inter- 
views are  presented  in  Appendix  A.  Two  key  points  should  be  noted: 

• the  "confirmed"  cases  of  heavy  metal  phytotoxicity  and  livestock 
losses  (i.e.,  the  Seitz  and  Archer-Craddock  properties)  now  appear 
to  be  affected  largely  by  smelter  particulate  fallout.  This  assess- 
ment is  probably  true  also  for  the  Ueland,  Tammen  (and  probably 
Hewitt)  properties;  and 

• the  remainder  of  the  "highly  probable"  and  "suspect"  cases  are  more 
strongly  viewed  as  being  suitable  sarrpling  sites.  Another  major 
landowner,  Mr.  Cliff  Benson,  was  identified  as  having  a number  of 
premising  candidate  sites. 

In  regards  to  soils  mapping,  the  following  information  was  discovered: 

• the  Deer  Lodge  SCS  field  office  has  preliminary  soils  maps  for  the 
Edge,  Pergeson,  Porsen/Lovell,  Long  and  Peterson  lands  (of  inter- 
est); the  Beck,  Benson  and  Kellicut  properties  have  not  been  mapped, 
although  aiiiall  tracts  could  be  done  this  spring  (once  staked) , 

(Tony  Rolfes,  pers.  cemm. ) ; and 

• the  Whitehall  SCS  field  office  has  not  mapped  any  lands  along  Silver 
Bow  Creek.  Pfowever,  tliey  will  consider  "test  mapping"  on  a small 
tract  owned  by  Walter  Konda  later  this  sunmer,  (Don  Stron,  pers. 
carm. ) . 


Based  upon  current  mapping  taxonotry,  the  tailings-inundated  soils  are  classi- 
fied as  being  a lypic  Fluvaquent-Slicken  complex  ( 5 ) . The  other  cormon  flood- 
plain  mapping  unit  is  designated  as  being  Aquolls  and  Aquents,  undifferentiated 
(4).  Cursory  descriptions  of  these  two  units  are  found  in  Appendix  B.  A 
number  of  soil  mapping  units,  present  on  lower  stream  terraces,  have  probably 
been  affected  by  heavy  metal -contaminated  irrigation  waters.  These  units 

include  Baggs  (31),  Varney-Anaconda  corplex  (36)  and  Vastine  (634).  Profile 
description  sheets  are  included  also  in  Appendix  B for  the  three  published 
series;  as  Baggs  is  a tentative  series,  a cursory  description  only  is  found  in 
the  appendix  ( forthcoming ) . 

RECOMMENDATIONS 

The  8 "first  priority"  sites  listed  in  Table  1 (Part  A)  should  be  sanrpled 
during  the  Task  Twd,  Phase  I efforts.  A tentative  "control"  site  has  been 
identified  in  the  Gold  Creek  area.  Mr  John  Hollenback  has  fields  irrigated 
using  Gold  Creek,  and  waters  his  cattle  and  horses  from  a spring.  His 
properties  are  located  away  from  the  Clark  Ebrk  River  and  should  be  situated 
outside  of  the  smelter's  major  "fallout  zone"  (i.e.,  10-15  miles  radius  of 
the  Washoe  Stack) . 


1 1-4 


#IWl  <^4. 


i.  - % 


I 1ft  ■ » 


is 

^'l7' 


■S4.  , 

WtI! 


A*  I^C  i-  ‘kf*' 


.f*  ' ‘ i ft' 


I - ■ * ■«  J I /si*  ♦ •■■ 

■ ii0  j- -r'  • -»-  ''ft.  :t  ■ - * W- 

ifj  fklSS  ' * ' '■>  iJC  «■  ■ 


4'-.  ft 


.»  .•4’:^  I iii 


,ui-%ibjLi  1. 


B3K>  .'1  >1  . • 

*i-r  - Mi  TafL'Ot* 

lo  TUft-fc  ii:  c 


I > 


*<44  ; 


..  "'Uft- r". 

■ ft'iif  . <*.  4i 

1 '•'.”  4jAij  N-  — In^  (Ci* 

■ 'xU>ftiir#.  <- . 

;-•  » I ij  ii^  (t 


I*  . 


> ij  *.  • 


..  X'Y.f  ’'■  :..' 

M ■ 

.i-_»f\ir  •.-#  '■  *ii"  X 

i I 


ft , < 


. 

'*(1 


U^r 


4' 


'..  f''  ■ 


t 

^ < 


«r0  4i  *.  • 

» Sr  M.  M i 3 

«4i#(inM*>  .>  . **.1  a.P. 


invftti--  II 


• 4 


« t * 


’ r <k4Sv 

-IftXft  4 t 

b J9, 

A 4 

y*”!*  i .• 

J«l.M. 

<>J 

: Si'tP  * 

ti-  L>  ft 


C* 


' ^-  i * 
► • * ■ 


t 


I ' ., 

■ ft  t *■'  r-ft  \ ■■ ' 

■w  i • » ! 

- -^  et»  "w 

fi  * f nf  ^ »% 

46:  I ; I fi  ti 

* . » -B . 


4 


ft«'.  t «-  « — rt* 

m ^ ■ im  i 

.9  i lU  -1  '»  ■ ^ 


ri 


•l«l^ 

► ift#  ♦ 4 '•  >. 

^ J » . ■ ' ftj  *30  ' 


If  time  and  budget  allow,  the  "lower  priority"  sites  (Table  1,  Part  B)  could  be 
sanpled  also.  Mast  of  these  sites  are  noted  in  Figure  1,  using  Table  1 as  the 
legend.  This  over-sized  sheet  is  attached  to  this  manorandum.  The  approximate 
boundaries  of  Mr.  BDllenback's  property  are  shown  in  Figure  2.  The  previously 
recamiended  scheduling  of  Phase  1,  Task  Two,  sampling  in  late  April-early  May 
will  exclude  (prcbably)  any  crop  sanpling.  Aerial  bicnvass  production  will  be 
minimal,  with  no  seed  heads  being  available  for  the  proposed  clip-plot  studies. 
However,  two  options  are  evident: 

A.  to  initiate  soil  sampling  prior  to  the  "spring  thaw",  subsequently 
resanpling  crop  materials  at  the  appropriate  stage  of  development 
(see  pp.  2-98,  2-99  in  the  Work  Plan);  or 

B.  postpxDne  all  agricultural  sanpling  until  early  July. 

Inplementation  of  the  option  B could  cause  logistical  problems  with  initiation 
of  the  proposed  Riase  II  program,  as  it  is  scheduled  to  begin  in  raid-to-late- 
June.  However,  it  is  assuned  that  Phase  II  will  be  inplemented  only  if  the 
Phase  I "pilot"  study  results  can  justify  further  RI  efforts.  Pursuit  of  the 
second  option  would  allow  ccnpletion  of  a scaled-dcwn  version  of  the  Phase  II 
studies  by  mid-Septanber . Therefore,  the  second  option  is  reccnmended  as; 

• it  will  allow  time  for  ccmplete  agreement  on  the  "representativeness" 
of  each  sanpling  site; 

• it  will  allow  time  for  ccnpletion  of  all  necessary  soils  mapping  (e.g., 
at  Walt  Konda's  field); 

• the  schedule  will  be  ccnpatible  with  the  proposed  plant  sanpling 
(phenological)  criteria;  and 

• it  should  minimize  site  access-sampling  problens  (e.g.,  saturated 
soils  located  near,  or  adjacent  to,  the  Clark  Fork  River) , even 
if  the  Giddings  soil-coring  machine  is  not  used. 

PERSONAL  COMMJNICATIONS  (CITED  IN  TEXT) 

Rolfes,  Tony,  February  5,  1985.  Soils  scientist,  USDA/SCS,  Deer  Lodge. 
Ehone  conversation. 

Strcm,  Don,  February  4,  1985.  Crew  chief  (soils  mapping),  USDA/SCS,  Whitehall 
Fhone  conversation. 
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APPENDIX  A— PERTINENT  FINDINGS  FROM  TELEPHONE-RELATED 
OR  OFFICE-RELATED  INTERVIEWS 


PART  A.  LANDOWNERS 


Name/Date 


G.  Seitz/1-30-85 


J.  Archer/1-28-35 


Ms.  Dody  Weller/ 
1-29-85 
(H.  Fergeson 
property ) 


Findings 


Uses  Mill  Creek  and  wells 
for  agricul tural /domestic 
purposes,  not  SBC  or  CFR 
waters  and  doesn't  own 
property  adjacent  to 
either  stream/river. 

Uses  Flint  Creek  and  a well 
For  agricul tural /domestic 
purposes,  not  SBC  or  CFR 
waters.  Doesn't  utilize 
lands  near  SBC  or  Clark 
Fork  River. 

They  have  property  along 
SBC  that  has  been  contami- 
nated with  mill  tailings; 
the  1 and , "1 ooks  1 ike  a 
desert" , as  nothi ng  wi 1 1 
grow  there.  In  regards 
to  past  sampling  by  t^e 
( previ  ous  nemo ) , 
this  does  not  appear  to 
he  true  (Mr.  Jim  Dunn, 
pers.  comm.  2/'4/85). 


H.  Kel 1 i cut/1-28-85  They  have  an  ~8-acre  hay- 

field  which  is  flooded 
by  the  CFR  during  the 
Spring,  and  which  is  sub- 
irrigated  by  the  river 
throughout  the  growing 
season.  She  recalled  one 
comment  from  the  laboratory 
report  sheet  that,  "they 
should  mine,  rather  than 
farm,  the  soil ."  The 
field  was  sampled  by 
Dave  Streufert,  but  his 
copy  of  the  analytical 
report  was  lost  in  the 
May,  1981  flood  (in  Deer 
Lodge) . 


Conclusions 


As  heavy  metals  data  indicates 
phytotoxic  conditions,  suspect 
•the  major  source  to  be  smelter 
stack  particulate  fallout. 


Heavy  metal  fallout  from  stack 
is  suspected  source  of  copper 
poisoned  sheep,  gardening 
problems  and  possibly  the  recent 
death  of  a cow. 


■(■his  site  meets  SBC  proximity/ 
tailings  contamination  criteria. 
However,  he  may  be  difficult  to 
work  with  given  his  past  assoc- 
iation with  the  ACM/Mt.  Haggin 
Ranch  operations  (Mr.  Huey 
Long,  office  interview,  1/3C/85) 


This  site  meets  CFR  proximity/ 
tailings  contamination  criteria. 
As  their  garden  has  been  sampled 
by  the  USEPA,  and  as  their  well 
is  being  sampled  by  Stiller 
et  al . , it  would  provide  an 
i nteresti ng  food-chain  study 
to  sample  the  field's  soil,  hay 
as  well  as  animals  that  con- 
sume the  hay. 
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PART  A.  LANDOWNERS  (Continued) 


Nane/Date 

Findings 

Concl usions 

H.  Spangler/2-4-85 

She  has  large  tracts  of 
land  which  used  to  be 
irrigated  using  SBC  water 
and  which  still  exhibit 
plant  growth  problems. 
Such  lands  haven't  been 
irrigated  using  SBC  for 
at  least  40  years. 

These  sites  meet  SBC  proximity 
and  SBC  flood  irrigation 
criteria.  Given  the  low 
probability  of  "Legacy 
Program"  efforts  occurring  on 
• her  property  this  summer(Mt. 
Std.,  2/2/85,  p.7)  sampling 
at  the  established  test 
plots  should  be  considered 
instead.  Al ternati vely , 
sampling  sites  could  be 
located  in  planted  grass 
situated  in  T4NR10W,  NE  1/4 
of  section  36. 

W.  Konda/ 1-30-85 

Portions  of  his  sub- 
irrigated native  hay- 
lands  are  contaminated 
with  tailings  (along 
SBC).  Has  tried  to 
reclaim  the  lands  with 
lime,  but  not  successful. 

Remains  as  a promising  study 
si  te . 

!'■.  ^ete’'snn/l-28-85 

Ha s al fal fa  and  cat 
fields  situated  adjacent 
to  the  old  "Yellow  Ditch" 
(fed  by  SBC)  that  have  hi  o'" 
As  levels.  Deep  plowing 
has  not  been  effective, 
while  they  haven't  tried 
fertil i zer  or  1 ime. 

Re'^ains  as  a prom' si  no  stu'^y 
site. 

D.  Fc^sen/ 1 -29-85 

Reiterated  has  problems  with 
irrigated  haylands  situated 
between  the  CFR  and  Valiton 
Ditch  (fed  by  CFR).  Mr. 

Huey  Long,  SCS,  noted  that 
the  soil  unit  common  to  this 
area  (i.e.,  "31B",  Baggs 
series)  has  been  contamin- 
ated by  heavy  metals. 

Remains  as  a promising  study 
site. 

H.  Long/1-30-85 

Reiterated  his  knowledge  of 
"slickens"  (soil  mapping 
unit  "5"  typic  fluvaquents- 
sl ickens  complex) . 

Remains  as  a promising  study 
si  te. 
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PART  A.  LANDOWNERS  (Continued) 


Name/Date  Findings 

C.  Benson/2-4-85  Has  considerable  acreages  of 

mill  tailings  and  irrigation 
water-affected  lands  within 
Sections  16,  21,  28,  and  33 
in  T7NR9W;  is  very  willing 
to  cooperate  with  study, 
saying  that  he,  "will  even 
dig  the  [test]  holes  himself 
if  need  be".  Also  has  a 900 
head  of  cattle,  some  of  which 
feed  in  the  river  bottoms-- 
several  cattle  have  become  sick, 
but  he  is  not  sure  of  the 
reason  (but  could  be  related  to 
salinity  levels  in  forage). 


Conclusions 

An  excellent  prospect  for 
sampling  of  soil s-sediment, 
crops  and  livestock. 


PART  B.  INTERVIEWS  WITH  SOIL  CONSERVATION  SERVICE  PERSONNEL. 


H.  Lona  and  T. 
Rolfes/1-31-85 
(Oeer  Lodge  SCS) 


0.  Strom/2-4-85 
(Whitehall  SCS) 


Soils  maps  were  acquired 
for  the  Fergeson,  Long, 
Peterson  and  Spangler  sites; 
no  such  data  exists  for  the 
Beck,  Benson,  Forsen  or 
Kellicut  sites.  ShO'^t 
descriptions  of  each  soil 
unit  mapped  by  the  SCS  were 
al so  acaui red . 


Additional  soils  mapping 
will  be  required,  if  all 
sites  given  in  Table  1,  Part 
A are  to  be  sampled. 


Although  they  are  avoiding  Appears  as  though  SCS  will 

large-scale  mapping  in  Silver  perform  necessary  mapping;  I 

Bow  until  the  temperature-  will  follow-up  in  May,  1985. 

chemical  complexities  can  be 

worked  out,  he  will  try  to 

have  someone  do  preliminary 

mapping  at  the  Konda  site 

early  this  summer. 
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APPENDIX  B.— SOIL  MAPPING  UNIT  DESCRIPTIONS 
(AS  CITED  IN  TEXT) 


Mapping  Unit  Name/Code 


Aquolls  and  Aquents, 
undi fferentiated/4 


Typic  FI uvaquent-Sl 1 cken 
Comp! ex/5 


Baggs/31 


Description 


"These  are  unnamed  Aquolls  and  Aquents  which  are  deep, 
poorly  drained  soils  formed  in  recent  alluvium.  The 
texture  of  the  profiles  are  highly  variable  in  these 
young  soils.  However  they  often  have  loamy,  sandy 
or  silty  upper  profile  textures  with  underlying  material 
of  very  gravelly  loamy  sand  and  sand  being  common. 

They  are  on  flood  plains.  Native  vegetation  consists 
of  water  tolerant  grasses  and  shrubs  with  abundant 
brush.  They  are  occasionally  flooded.  Slopes  range 
from  0 to  4 percent." 

"This  is  a complex  of  45  percent  Fluvaquents  and  40 
percent  Slickens.  They  are  occasionally  flooded. 

Slopes  range  from  0 to  4 percent. 

Fluvaquents  are  deep,  poorly  drained  soils  formed 
in  recent  alluvium.  The  textures  have  loamy,  silty 
or  sandy  upper  profiles  which  are  low  in  rock 
fragment  content.  It  is  common  to  have  a very 
gravelly  loamy  sand  or  sand  underlying  material  within 
the  profile.  These  soils  are  on  floodplains.  Native 
vegetation  consists  of  water  tolerant  grasses  and 
shrubs  with  abundant  brush. 

Slickens  is  a mi scgl 1 aneous  lanh  tyoe  with  soil  textures 
si  mi  la*'  to  those  doscr-'be'^  tor  the  Fluvaouents  above. 
'However  slickens  have  additional  accumiji  ati  ons  of 
fine  textured  materia'  which  c**iginated  from 
tailings  from  mining  operations.  The  tailings  were 
washed  away  and  deposited  in  periods  high 
flood  waters  down-stream.  These  soils  are  along 
Silver  Bow  Creek  and  the  Clark  Fork  River.  They  are 
largely  unvegetated  due  to  the  contamination  of 
the  surface  layer." 

Forthcoming  (did  not  arrive  as  of  2/8/85). 


Source:  USDA/SCS.  1985.  Soils  Short  Descriptions.  Received  from  Huey  Long  and 

Tony  Rolfes  during  the  office  visit  on  1-31-85. 
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INITIAL  REVIEW  DRAFT 


Tentative  Series 

HAL 

4/82 


ANACONDA  SERIES 

The  Anaconda  series  consists  of  deep,  well  drained  soils  that  formed  in 
calcareous  alluviura.  These  soils  are  on  fans  and  stream  terraces  in  valleys 
3nd  uplands.  Slopes  are  0 to  60  percent.  Mean  annual  precipitation  is  about 
12  inches,  and  mean  annual  temperature  is  about  43°F. 

Taxonomic  Class:  fine-loamy,  mixed  Aridic  Haploborolls 

iyp^cal  Pedon:  Anaconda  loam,  in  crcpland.  (Colors  are  for  dry  soil  unless 

otherwise  noted.) 


Ap--0  to  8 inches;  brown  (lOfR  6/3)  loam,  dark  brown  (lOYR  3/3)  moist; 
platy  structure  parting  to  moderate  fine  granular;  loose;  very  friable, 
nonsticky  and  nonplastic,  common  fine  and  coarse  roots;  neutral  (pH  6.8); 
clear  smooth  boundary.  (3  to  S inches  thick) 


Bw--8  to  14  inches;  yellowish  orcwn  (lOVR  5/4)  loam,  dark  brown 
(lOVR  4/3)  moist;  weak  medium  suhcrgjlar  blocky  structure;  soft,  friable, 
Slightly  sticky  and  slightly  o’est'o;  common  ^ine  anc  coarse  ’"oots;  many  fine 
irregular  pores;  neutral  (pH  7.C);  c'ear  wavv  boundary.  (3  to  ^ inches  thick) 


r. 


Bkl--14  to  27  inches;  w"'ite 
'“)  moist;  massive;  soft,  fr-‘abl 
a^y  *ine  'rpegular  pores;  common 
“ 'a^vescent ; 5 percent  pebbles; 
c.ndary.  (c  to  17  inches  thic'O 


c/1)  loam,  light  yollowish  brown  (lOYR 
e,  ar,(j  ncnplastic;  few  f-ine  roots; 

^ire  so^t  ^.asses  of  I’m,??,  viol  enfiy 
moderately  alkaline  (pH  S.4);  cle?r  wavy 


5k2--27  to  60  inches;  very  pale  brown  (lOfR  8/3)  sandy  Ica.T.,  ligh' 
yollcwish  brown  (lOYR  6/A)  moist;  massive;  scf^t,  friable,  nonstic<y  and 
no 'Plastic;  few  fine  roots;  many  fine  irregular  pores;  15  percent  pebbles; 
ccrnon  fine  soft  masses  of  lime;  strongly  effervescent;  moderately  alkaline 
(ph  8.4). 


Type  Location:  Powell  County,  Montana;  500  feet  north  and  600  feet  west  of 

me  SE  corner  of  sec.  19,  T.  7 .H.  , R.  9 W. 


Ranee  in  Characteristics: 
Soil  temperature: 

Oaoth  to  k horizon: 

Mol  lie  epipedon  thickness: 


43  to  47°F. 

10  to  16  inches 
7 to  9 inches 
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Anaconda  Series 

Ap  horizon: 

Hue: 

Value,  dry: 
Value,  moist: 
Chroma: 

Texture,  <2  mro; 
Clay  content: 
Rock  fragments: 
Pebbles: 
Reaction: 

bw  horizon: 

Hue: 

Value,  dry: 
Value,  moist: 
Chroma: 

Texture,  <2  mm: 
Clay  content: 
Reck  fragments: 
Pebbles: 
Reaction: 


lOYR 

5 

3 

1 through  3 
loam  or  clay  loam 
18  to  30  percent 
0 to  5 percent 
0 to  5 percent 
pH  6.1  to  7.3 


lOYR 

4 through  6 
3 through  5 
3 or  4 

loam  or  clay  loam 
20  to  35  percent 
0 to  5 percent 
0 to  5 percent 
pH  6.6  to  7.3 


2 


6/.1  horizon: 

*fJ  ‘j  • 

Val'ue,  dry; 

Value.  .7,0 i St; 
''nrera; 

Texture,  <2  mm; 
Clay  epntent; 

Rock  fra^gments; 
Cobb''  es; 
Pebbles: 

CvaC03  equivalent; 
Reacti on: 


10  VR 
7 or  8 
5 through  7 
2 through  4 

loam,  sandy  loam,  or  sandy  clay  loan 
13  to  27  percent 
5 to  IE  percent 
0 to  5 percent 
5 to  10  percent 
15  to  35  percent 
pH  7.9  to  9.0 


3k2  Horizon: 

Hue: 

Value,  dry: 

Value,  moist; 
Chroma: 

Texture,  <2  mn: 
Clay  content: 

Rock  fragments; 
Cobbles: 
Pebbles; 

CaC03  equivalent: 
Reaction: 


lOfR 

5 through  8 

4 or  6 
3 or  4 

sandy  loam  or  loan 
15  to  25  percent 
15  to  25  percent 
0 to  5 percent 
15  to  20  percent 

5 to  20  percent' 
pH  7.9  to  8.4 


Comoetinq  Series:  These  are  the  Boxwell  and  Kremlin  series.  The  Bowel! 
soils  have  a paralithic  contact  at  a depth  of  less  than  40  inches.  ' The , 
Kremlin  soils  do  not  have  a calcic  horizon. 
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Anaconda  Series 


3 


Geo^raphi getting:  Anaconda  soils  are  on  fans  and  streaa  terraces  in  valleys 

and  uplands.  Elevations  are  4.000  to  5.000  feet.  Slopes  are  0 to  60  percent, 
iriese  soils  formed  in  calcareous  alluvium.  The  climate  is  cool,  with  long 
cold  winters;  moist  springs;  and  hot.  dry  summers.  Mean  annual  precipitation 
IS  10  to  14  inches.  Mean  annual  temperature  is  41  to  45°F.  The  frost-free 
season  is  95  to  110  days. 

^ographical 1y  Associated  Soils:  These  are  the  Cetrack,  Varney,  and  Beaverell 

soils.  The  Cetrack  soils  have  very  gravelly  sand  at  a depth  of  20  to  40 
-nches.  The  Varney  soils  have  an  argillic  horizon.  The  Beaverell  soils  have 
V3ry  gravelly  sand  at  a depth  of  10  to  20  inches. 

Drainage  and  PermeabilUy:  Well  drained;  slow  to  rapid  runoff;  moderate 

pe-meaDi 1 i ty. 

Use  and  Vecetation:  Anaconda  soils  are  used  as  nonirrigated  and  irrigated 

cropland  and  rangeland.  Potential  native  vegetation  is  mainly  bluebunch 
wheatgrass,  green  needlegrass,  needleandthread,  fringed  sagewort,  and  Sandberg 
bl  L'egrass. 

Di  str-iputicn  and  Extent:  Western  Montana  valleys.  It  is  inextensive. 

Ser'es  P’^oposed:  Powell  County,  Montana,  1S77. 


National  Ccoperat''ve  Soil  Survey 
U.S.A. 
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REVISED  DRAFT 


Tentative  Series 
RRB,  JH,  AA,  RER 
Rev.  1/83 


VARNEY  SERIES 

The  Varney  series  consists  of  deep,  well  drained  soils  that  formed  in 
alluvium.  These  soils  are  on  fans,  terraces,  foot  slopes,  and  hills.  Slopes 
are  0 to  45  percent.  Mean  annual  precipitation  is  about  13  inches,  and  mean 
annual  temperature  is  about  40°F. 

Taxcnomic  Class:  Fine-loamy,  mixed  A»'idic  Argiborolls 

Typ-'cal  Pedon:  Varney  clay  loam,  cultivated.  (Colors  are  for  dry  soil  unless 

ct'^e -w i se  noted . ) 


Ap--0  to  6 incnes;  grayish  brown  (ICYR  5/2)  clay  loam,  very  dark  grayish 
brc--  (IC'^R  3,  2)  rcist;  moderate  fine  and  very  fine  C’^anula''  structure; 
s'icdtly  nard,  friable,  slightly  sticky  and  slightly  plastic;  many  ^ine  and 
ver;,  ’■'ire  roots;  many  fine  and  ve-^y  fine  interstitial  pcres;  5 percent 
peioles;  neutral  (pH  5.6);  clear  smooth  boundary.  (4  to  7 incnes  thick) 


3t--5  to  16  inches;  brown  (lOYR  5/3)  clay  learn,  dark  brcwp  (IC'R  4/3) 
moist;  moderate  medium  ana  fine  suoangular  blocky  sti'ucture;  hal'd,  friable, 
sticky  and  plast'c;  many  fine  and  very  fine  roots;  csm.non  fire  locular  pores; 

I 


mar.;,  thin 
. 3 ) ; 


M 

V 


:ont  I ' ..ous  cla_v  films  on  faces  of  peds;  10  oercent  pebbles;  neutra 
:lear  irregular  boundary.  (5  to  13  incnes  th 


k) 


'C 

6/ 


ncres;  lig'^'t  g^ay  (lOiR  7/2)  grave' 


sarcy  c i a- 


i oa' 


; .no  1 St ; 


weax  coarse  prismatic  stroctore;  slightly  hard, 


t> 

pale  brew-  (10 

'r-able.  s'' lastly  sticks'  and  ncnpiastic;  com.mor  fi^e  and  vO'^y  ^■’"'e  r^'cts; 
ccTon  fi-e  an:  ve’-y  fine  cores;  15  percent  pebbles  arc  5 percent  cobbles, 
cc~.~:n  '^ine  ^n'te  (lOYR  S''2)  soft  masses  of  li.me;  vlo'erfy  e scent; 
mcar.-fitelv  a1  sal  ire  (p.4  7.9);  qradual  smeotn  bCLnaary.  (10  ic  25  incnes 


) 


' 5k.2--2S  to  4c  inches;  very  pale  brown  (lOYR  7/3)  gravelly  sancy  loam, 

pale  bre^n  (lC'iR  6/3)  moist;  massive;  soft,  friable,  slightls  sticxy  and 
.no".p  ’ asti  c , *e«  ^-'ine  roots;  few  fine  pores;  15  percent  pebbles  and  5 percent 
ccpbles;  ai  sse.mi  nated  line;  strongly  effervescent;  moderately  alkaline  (pH 
7.9);  clear  smooth  boundary.  (5  to  25  inches  thick) 

BC--48  to  53  incnes;  light  brown  (7.5YR  6/4)  stratified  gravelly  sandy 
loam  and  gravelly  loamy  sand,  brown  (7.5YR  5/4)  moist;  .massive;  slightly  hard, 
friable,  slightly  sticky  and  nonplastic;  few  fine  roots;  few  fine  pores;  20 
percent  pebbles  and  5 per'cent  cobbles;  slightly  effervescent;  moderately 
alkaline  (pH  8.4). 

Type  Location:  Madison  County,  Montana;  2,400  feet  north  and  2,300  feet  west 

of  the  SE  corner  of  sec.  32,  T.  2 S. , R.  1 W. 
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Varney  Series 


2 


Range  in  Characteristics: 
Soil  temperature: 

Mollic  epipedon  thickness: 
Control  section: 

Depth  to  Bk  horizon: 


40  to  44°F. 

7 to  10  inches 

argil  lie  horizon  with  30  to  35  percent  clay 
9 to  20  inches 


Ap  horizon: 

Hue: 

Value,  dry: 

Value,  moist: 

Chroma; 

Texture.  <2  mjn: 

Clay  content: 

Rock  fragments: 

Cobb  1 es ; 

Pebbles  or  channers; 

React i on: 

NOTES:  Uncultivated  areas  have  a 

gravelly  loam. 


lOYR 
4 or  5 
2 or  3 
2 or  3 

clay  loam,  loam 
27  to  3?  percent 
C to  50  percent 
0 to  15  percent 
0 to  35  percent 
pH  6.6  to  7.3 
2-  to  4-inch  A 


horizon  that  is  loam  or 


Bt  ho'^izon; 


hue : 

Value,  dry; 
Value,  moist. 
Cnroma : 

Texture,  <2  m.m ; 
Cay  content: 
R::k  Cagments: 
C j 0 1 1 e s ; 
Pebbles; 
React: on; 


(In  some  pedens  the  upper  2 to  4 inches  meet 
the  requirements  for  a molCc  epipeacn.) 
lOVR  c:'  2.5Y 

4 . 5 . or  6 
3,  4,  or  5 
2 , 3 , or'  4 

clay  loam  or  sandy  c ' a>  'cam 
30  to  35  percent 

5 to  35  percent 
0 to  5 percent 

5 to  30  percent 
pH  6.5  to  7.6 


6k  horizon; 

Hue : 

Value,  dry: 

Value,  moist: 
Chroma : 

T e X t u r'  e , <2  m<m : 
Clay  content: 

Rock  fragments: 
Cobbles: 
Pebbles: 

CaC03  equivalent: 
Reaction: 


lOYR  or  2.5Y 
6 , 7 , or  3 

4 , 5 , 6 , or  7 

2,  3,  or  4 

sandy  loam,  loam,  or  sandy  clay  loam 
10  to  30  percent 

5 to  35  percent 
0 to  5 percent 
5 to  30  percent 

15  to  30  percent 
pH  7.4  to  8.4 
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Varney  Series 


3 


BC  horizon: 

Hue: 

Value,  dry: 
Value,  moist: 
Chroma: 

Texture,  <2  oun: 
Clay  content: 
Rock  fragments: 
Cobbles: 
Pebbles: 
Reaction; 


7. SYR,  lOYR,  or  2.6Y 
6,  6,  or  7 
4,  5,  or  6 
2,  3,  or  4 

loamy  sand  or  sandy  loam  stratified  with  loam 
5 to  15  percent 
5 to  35  percent 
0 to  5 percent 
5 to  30  percent 
pH  7.9  to  8.4 


Cor:jet’og  Series:  These  are  the  Assi  nni  boi  ne  , Bostwick,  Cheesenan, 

Crittenden,  Duffson.  Evanston,  Jarre,  Joplin,  Kevin,  Marmarth,  Morval , Notter, 
fioley,  Perrypark,  Peyton,  Telstad,  Turret,  and  Villa  Grove  series. 

As  5 i on-' to  ’ ne  soils  have  45  to  60  percent  sand  in  their  Bt  hc-izon.  Bostwick, 
Jarre.  Peyton,  and  Turret  soils  are  noncal careous  to  a depth  of  40  inches  or 
■Tore.  Cheeseman,  Duffson,  and  Marmarth  soils  have  bedrock  at  depths  of  20  to 
40  inches.  Also,  Cheeseman  soils  have  hues  of  5VR  or  redder.  Crittei^den 
soils  lack  a calcic  horizon,  have  sandy  skeletal  2C  '■•orizons  telow  a deptn  of 
25  inches,  and  have  bedrock  at  depths  of  40  to  60  "inches.  E.anstcr  soils  lack 
a calcic  horizon  and  sti^atified  materials  below  30  i"ches.  Joplin,  Kevin,  and 
Telstad  soils  formed  in  glacial  till  with  high  bulk  density  at  depths  of  less 
tnan  4C  inches,  and  they  lack  a calcic  horizon.  Mc'^al  soils  lack  a calcic 


icr’zcn  and  occur  in  a c 


rr.tter 
c c.  a t' s e 


soi ■ s have  1 oamv - s 
sard  2C  horizon  below  a depth  of  ' 


:nes 


rerryparKv  s 


mate  that  has  16  to 
eletal  C ho:-izons. 

5 i nc 

IS  are  r.onca  1 C3’'ec 


13  inces  a 
Nul ey  soils 


"ua  ' precipitation. 
^ a . e a gravelly 
es  a.-d  peo-'cc<  at  depths  o"'  40 
s to  a ceptn  cf  4j  -rches  or 


nave  hue  cf  5>R  or  redder,  lack  graie'' 


1 n 


he 


r 


male  tnat  has  17 
' • c r 0 r ’ z c and 


incnes  annual  precipitation.  Vilia  G- 
.ave  a horizO'^  of  gypsu"n  accumulation. 


, an 
V e soi 


cccu’ 


1 n a 


lack  a 


Geodt'ac^i'  Setting:  Varney  soils  are  on  fans,  terraces,  a^d  ‘"'cot  slopes, 

elevations  are  4.500  to  6,000  feet.  Slopes  are  0 to  45  percent.  These  soils 
formed  in  alluvium.  The  climate  is  cooi  and  semiarid.  Mean  anneal 
precipitation  is  10  to  14  inches.  Mean  annual  temperature  is  33  to  42°F.  The 
frost-free  season  is  90  to  125  days. 

Drainage  and  Permeability:  Well  drained;  slow  to  rapia  runoff;  mode’'ately 

s 1 ow  permeabi 1 i ty . 


Use  and  Vegetation:  These  soils  are  used  for  irrigated  and  dryland  crops  and 

as  rangeland.  The  potential  native  vegetation  is  mainly  bluebunch  wheatgrass, 
western  wheatgrass,  needl eandthread , and  green  needlegrass. 

Distribution  and  Extent:  Terraces  and  fans  of  the  i ntermountai n valleys  in 

southwestern  Montana.  The  series  is  moderately  extensive. 

Series  Proposed:  Madison  County  Area,  Montana,  1977. 

Remarks:  Varney  is  a place  name. 


National  Cooperative  Soil  Survey 
U.S.A. 
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VA5TTNE  SERIES 


GiUbiKtMd  ScrlM 
GB 

5/81 


■ 2!^.y**^^i***^^**  owwista  of  deep,  poorly  to  scm«riat  ix»rly  drained  soils  that  fonnd  in  mixed  alluuiLn 
Vkstinc  soils  ate  on  lew  terraces  and  floodplains  with  slopes  of  0 to  S petwit.  Tt»  mmi  anrual. 
precipitation  is  about  7 inches  and  the  mean  annual  tenperature  is  about  42* r. 


*^t8»onoai^ Class t.  fl^loaRy  ewer  sandy  or  sandy-skeletal,  mixed,  frigid  typic  U^aquolls. 

- grassland.  (Ctolors  are  for  cky  soil  ixUcss  otherwise  lotad.) 


s '-  ^ t < i 

tical  Psdcai  t • Vkstine 


•? 


r ^ gray  (lOYR  i/1)  lo«n,  black  (lOYR  2A>  »ist;  xrxierate  very  fine  granular 

'structure,  soft,  very  friable;  uUdly  alkaline  (pH  7.8),  gradual  siooth  hoindary.  (10  to  24  irSeTthick) 


^ ^ ii^hes;  light  brcvnish  gray  (2.5Y  6/2)  loam,  dark  grayisn  brown  (2.5Y  4/2)  noist-  runv 
large  froainent  rottles  o.  dark  <jray  (n  4/)  and  dive  crewn  (2.5Y  4/6)  moist;  moderate  nediur.  saDa-oular 
blocky  strurture;  slightly  hard,  very  friable,  slightly  plastic;  nuidly  alkaline  (oH  7.8);  abroot  smooth 
btxs'tlary.  (14  to  34  inches  thick) 


3d  to  60  incnes;  gray  (ICiK  5/.)  sand,  dark  gray  ( lOVH  4/1)  .Dist;  otmon  rediix:  distinct  olive 
brown  (2.5Y  4/6)  rr*::ttles;  single  grainec;  Icose;  rild^y  alkaline  (pei  7.3). 

Type  Locaticxi;  Aiarxisa  Oxcity,  Coiorctio;  2,530  feet  east  and  3(X)  feet  nert:,  ct  the  crr"ner  of  sec  30 
T.3bN. , ‘ ' 


Range  in  Characteristics;  Mean  anrioal  soil  terperature  ra'«ges  43*  to  45*F. , ard  rear,  s rrer  icil 
tenperature  ranges  60*  to  62*F.  “Ihe  soils  ra.nge  frxi  slightly  acid  to  moderately  alf-.ali-^  in  a ra-iority  of 
scr^hcrizons  in  the  control  secti'hr, . EXzr^anqeaale  aoditr  ranges  frer:  C to  15  percent  in  tne  oontrcl  section 
except  trot  a few  s^xahorizons  tr.at  exceeo  tnose  ranges  occur  disoontiruously  m sane  pedors.  The  upper  par 
of  tne  oontroi  section  has  15  to  35  percent  fire  ot  cxiarser  sand  C to  15  percent  roex  fragments.  Tre  roex 
fragrnents  are  dcnu.nar,tiy  1 to  10  inches  in  diareter.  The  dept*,  to  f.e  lib  horizon  rar^ges  free.  24  tc  4(. 
incrfss  below  the  surface. 


The  A horizcn  has  hue  of  5 Y througn  7.5YR,  value  of  4 or  5,  2 or  3 moist,  and  cr.rtr.3  cf  1 o:  2. 

rorizoTi  has  hue  cf  5Y  thrcLC.n  7.5VP.,  value  of  4 through  6,  2 t*'ro«uc.".  5 moist,  anc  c.'ircra  cf  neutral 
to  0.  In  sene  peoccis,  colors  are  variegated  in  tr.is  iTorizor.. 

Tne  IlCg  horizon  has  hue  of  5Y  through  7.5Y?„  v£di>i  cf  5 cr  p,  4 or  5 rcist,  srd  chrzTc.  of  1 or  3.  Ir  sore 
peviorr. , oclors  in  tnis  horizon  are  variegatec. 

Oxuetirt.  Series:  This  is  t-re  Gerrara  series.  Gerrard  soils  ,-t!vc  sa.Td_,‘-sxel'. tal  sooi-traturs  otut'o  of 

IJ  to  lu  inches. 


Gfograuhiu  Settirg;  Va-.tire.'  i^oils  are  m low  terra.es  .ivl  f locctia ir.s . S-Cte  craoients  ra.-ct  trer..  v to  5 
percent,  frese  soil*  lor-ned  ~ux<.-c  alluviJ?.  Tfse  average  ur.-...jl  v: tc : tut .:,r.  is  7 to  ? )nc:.et,  with 
ptax  period's  ot  precipitation  in  f'.e  spring  and  tuiriy  sunmer  .tcr.ths . Hicn  water  t.-ioles  tne  s^-il  wet  m 

must  seasoTis.  Mf-ar  arr.ual  temperature  is  40*  to  44°  F.,  and  .tea.-,  s^rrer  terperaturt-  is  5:)'  to  £1°F. 

Geogr apt!  1 call y Associated  Soils:  These  are  the  f^ano  jxi  fcrtor.ville  soils.  .Meoano  soils  are 

ciharse- textured.  Nortonviiie  soils  r.ave  a calcic  horizon. 


Dcainace  and  Permeability;  Kxurly  to  soroewhat  poorly  drainec;  slow  r-joff;  mooerate  pemeaoility. 

Typically  tne  water  table  fluctuates  with  the  height  of  the  water  m the  ^c:3ace^.t  streens.  These  soils  are 
scretimes  tlooded  in  tne  spring,  nater  taoles  ray  drop  as  nuen  as  5 feet  ir.  tne  driest  parts  of  the  year. 

•JOe  eind  V-^tation;  These  soils  are  used  principally  as  native  pasturela.hd  and  for  irrigated  meadows. 
(jccasicr.ally , sci*  areas  are  used  for  small  grai.ns.  Principal  native  plants  are  seoges,  rushes,  saltgrass, 
and  otfier  water-toierar.r  greisses  and  plants. 


Distributig-i  a.nd  extent;  liign  countain  valleys  of  central  Quiorajo.  The  scries  is  cf  nederate  extent. 


Scries  Established; 
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Department 
^ Agriculture 


United  States 
I;)  Department  of 


Soil 

Conservation 

Service 


j '■  ht  1 

, February  11,  1985  . 


Mr.  Jay  Cornish 
Mu  1 ti-Tech 
P=,0.  Box  4078 
Butte,  MT  5P702 


Dear  Mr.  Cornish, 

We  needed  to  supply  you  with  an  additional  soils  description  for 
the  31  and  131  unit  soils.  These  are  as  follows. 

31  BAGGS 

The  Baggs  series  consists  of  deep,  well  drained  soils  formed  in 
alluvium.  Typically  they  have  a clay  loam  surface  layer  6 inches 
thick.  The  subsoil  is  a heavy  clay  loam  and  the  substratum  is 
a gravelly  light  clay  loam.  They  are  on  fans,  terraces  and  foot- 
slopes.  The  native  vegetation  is  mainly  mid  and  short  grasses. 
The  131  soil  is  like  the  31  unit  except  that  the  131'unit  has  a 
cobbly  clay  loam  surface  layer. 

If  you  need  any  additional  information  on  these  or  other  units 
please  contact  our  office.  Thank  you. 


Sincerely, 


Tony 

Soil  Scientist 

Deer  Lodge  Field  Office 
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SILVER  BOW  CREEK  REMEDIAL  INVESTIGATION 
AGRICULTURE  INVESTIGATION 


ATTACHMENT  III 

DETAILED  ANALYTICAL  METHODS  FOR  SOILS 


111.1  MECHANICAL  (HYDROMETER)  ANALYSES 

1 1 1. 2 SULFATE/K  EXTRACTION 

111. 3 TOTAL  S IN  SOLIDS 
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III  .1 

HYDROMETER  ANALYSIS  FOR  SOLID'S  SAND,  SILT  AND  CLAY  CONTENT 
Summary 

This  method  is  based  upon  the  principle  that  large  particles  settle 
at  a faster  rate  than  the  same  kind  of  small  particles.  (Stokes'  Law) 
Thus,  the  concentration  of  soil  particles  in  aqueous  suspension  at 
a given  time  is  dependent  upon  the  size  of  the  particles.  The  soil 
particles  are  put  into  suspension  via  mechanical  stirring  and 
maintained  there  with  the  aid  of  a dispersing  agent.  Sodium  (hexa) 
metaphosphate  solution  disperses  the  soil  and  prevents  flocculation 
of  the  clays.  As  stated  in  Sobek  et  (1978,  p.  122),  " sodium 

replaces  exchangeable  calcium  and  the  precipitation  of  the  calcium, 
in  the  form  of  calcium  phosphate,  prevents  its  recombination  with 
the  clays.  The  net  negative  charge  on  the  clay  particles  increases 
due  to  the  addition  of  sodium  ions,  causing  the  particles  to  repel 
each  other  and  disperse" . 

Reference 

The  procedure  is  based  on  Section  3.4.3  "Particle  Size  Analysis" 
Sobek  et  al  . ' s (1978)  Field  and  Laboratory  Methods  Applicable  to 
Overburdens  and  Minesoil . 


Procedure 


1.  Weigh  50  gms  dried  ((§  40+  1°C),  -2  mm  mesh,  fine-textured 

material  (e.g.,  most  soils)  or  100  gms  coarse-textured  material 
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(e.g.,  mill  tailings)  to  the  nearest  0.01  gm  using  a top  loading 
balance.  This  constitutes  the  "raw"  sample.  Prepare  duplicate 
samples  at  a frequency  of  1:20. 

2.  Pour  each  sample  into  a clean  600  ml  beaker  and  add  100  ml  of 
Calgon®  solution  (100  gms . solid  made  up  to  1 L with  DI  water) 
then  400  mb  DI  water.  Allow  the  suspension  to  stand  for  1 hr, 
stirring  approximately  1 min  every  10  to  15  min. 

3.  Wash  each  beaker's  contents  into  a 1.0  L sedimentation  jar  and 
place  in  a vibration-f ree  spot.  Make  up  to  volume  (i.e.,  fill 
to  the  1.0  L mark)  using  DI  water,  then  record  the  suspension's 
temperature  to  the  nearest  °F. 

4.  Insert  the  plunger  and  mix  until  all  the  sediment  is  thoroughly 

disposed  and  is  off  the  bottom  of  the  cylinder.  Remove  the 

plunger,  then  immediately  start  the  timer. 

Note:  If  the  surface  of  the  suspension  is  very  foamy,  add  one  drop  of 

amyl  alcohol  and  remix.  If  only  one  timer  is  available,  record 
the  time — to  the  nearest  second — after  stirring  each  cylinder. 

5.  Gently  insert  the  hydrometer  into  the  first  cylinder  about  10 
sec  before  making  the  2-min  reading 

Note:  All  readings  will  use  the  same  hydrometer,  for  a given  batch  of 

samples ) . 

Record  the  reading,  measuring  at  the  top  of  the  meniscus,  then 
remove  within  10  sec  after  making  the  reading . Measure  and 
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record  the  temperature  of  the  suspension  to  the  nearest  °F. 
Repeat  this  process  for  each  of  the  remaining  cylinders  in  the 
batch . 

6.  Repeat  Step  5 for  the  120-min  reading.  Calculate  the  tempera- 
ture-corrected readings  as  follows:  (a)  if  T_>_  68°F,  add  0.2 

gm/L~^  per  °F,  or  (b)  if  T<  68°F,  subtract  0.2gm/L“l  per  °F. 

7.  Upon  completion  of  the  120-min  reading  (per  cylinder),  quantita- 
tively transfer  the  contents  onto  a 200  mesh  screen,  washing 
inside  the  cylinder  and  screen  with  tap  water.  Continue  wash- 
ing the  screen's  contents  until  the  washings  are  clear;  the 
material  remaining  on  the  screen  is  the  sand  fraction. 

8.  When  the  washing  step  is  completed,  quantitatively  transfer  the 
sand  fraction  into  a 250  mL  beaker  that  has  been  previously 
dried  at  105+  1°C  (for  4-6  hrs . ) , then  weighed,  after  cooling 
to  room  temperature  in  a desiccator,  to  the  nearest  0.01  gm.  on 
a top  loading  balance. 

9.  Dry  the  beaker  and  its  contents  at  105+  1°C  to  constant  weight  (+ 
0.01  gm)  . Also,  dry  10  gm  (recorded  to  nearest  0.01  gm)  of 
original  sample  @ 105  + 1°C  to  constant  weight.  This  constitutes 
the  "check"  sample. 
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10.  Each  sample's  sand,  silt  and  clay  contents  are  calculated  on  an 
oven  dried  basis  as  follows: 

--Calgon  (dispersing  agent)  correction  factor:  temperature-cor- 

rected 2 min  reading  for  the  blank. 

ISjote : Prepare  one  blank  for  each  batch  of  Calgon  solution  used  and 

for  each  hydrometer  used. 

— Weight-corrected  120-min  reading:  temperature-corrected  120- 

min  hydrometer  reading  minus  the  Calgon  correction  factor. 


--%  Clay:  (weight-corrected  120-min  reading  -rair  dry  weight  of 

"raw"  sample)  x CF  x 100. 


--%  Sand:  [ (beaker  + sand),  gms  - beaker,  gms  ] x 100 

air  dry  wt . of  "raw"  sample  x CF 

--%  silt:  100  - (%  clay  + % silt). 


where  CF  = air  dry  weight  of  "check"  sample 

oven  dried  weight  of  "check " sample 
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III  .2 

TURBIDIMETRIC  DETERMINATION  OF  SOIL  SULFATE 


Summary 

Sulfate  ion  is  precipitated  in  a hydrochloric  acid/ammonium  acetate 
medium  with  barium  chloride,  forming  barium  sulfate  crystals  of 
uniform  size.  The  amount  of  milky  white  turbidity  formed  is  direct- 
ly proportional  to  the  amount  of  sulfate  ion  present.  Light  absor- 
bance of  the  barium  sulfate  suspension  is  measured  spectrophoto- 
metrically,  with  the  sulfate  ion  concentration  being  determined  by 
comparison  with  measurements  of  standard  solutions.  Because  barium 
sulfate  suspension  loses  its  stability  at  high  concentration, 
standards  exceeding  50  mg/L  are  considered  unstable  and  therefore 
invalid.  Samples  containing  >50  ppm  sulfate,  must  be  diluted  with 
1 . ON  ammonium  acetate  extraction  solution  at  the  set  pH  (i.e.,  pH  7 
or  5.5). 

Reference 

The  procedure  is  based  on  Method  375.4,  Methods  for  Chemical  Analy- 
sis of  Water  and  Wastes,  USEPA  Publication  No.  EPA-  600/4-79-020, 
as  revised  March  1983. 

Procedure 

1.  Select  samples  and  quality  control  samples  as  required.  Leave 
samples  out  to  reach  room  temperature. 


Ill . 2-1 


f 


i . til 


iTA'st.ijft  Jloe  «io  woi'i' ■ 


^ifenmug 

jrifO  . tJi  >S  6 <’i  S*  nit  •JitXii® 

’ _i  » >nii  {TN^<1  «i  * lilto  iffPX.tod  iruxtrfnf 

i'>*  /iji.-iin.  f s>Ji.liv  7niji.'''r  jntHjifje  iulfT  .si-tB  rtivoixi'*. 

t .n^  9,1  i i i.c  J.  rt! '<je"sq  '{i 

U-:  oii  iiu*  II,..  • tfiij  ^■c^  a*. -'no 


^ • ’•^i  - '-•4(4  i<i-i  •*  s ‘ill  we  s.i1  J ^ i ieai  a 

t 

«c^ €>€>..  . a;; 'iD^  ftifiXjns^e  io  «.j/jsat;j‘jwi4j6*fn  i'Jfiw 

, «ac.->j»fei  3ii-»_'iW  ilfc  XU  IB  YJiiiOfj*.  '=-  iHiaol  POi!ecsftq4ii* 

• tiU  Xiv  letoiat/ro:.'  *!re  j\i)Wt  (?£  it  «fe?ifcwne^» 

*ff»v  i.a^Uiib  I.  >&u?i>  *9Jetitf£  i>'C<-L  Pc<  t*riin . eairtiap  bileva^ 

’ (Uf  ,,9  ' i J6  0£>iau‘i.:«e  jilir  mi>  idom.ric  vJO.i 


. i 


1C 


£a/T£^ftV»« 

' A --rS^^jC^jsSSlL:  ai->gf f-sM  ,^,6Tu  bort^tu*  no  b*«od  «4  »ipp-si*>.:-iq  »(ft 

■■  no I. .-t 6 ->  j i rtu'i  ATJ gx.-, 

rt'  :aM  f*4»ivii*: 

ri 


#v«*J  .|i»*  1 i «•  t. 


Page  2 of  4 


2.  Prepare  standards  of  0,  10,  20,  30,  40  and  50  mg/L  S as  S0^“^ 

ion  from  a 2500  mg/L  as  S0^“^  stock  solution.  Use  1 . ON  ammonium 
acetate  (of  the  appropriate  pH)  for  al 1 dilutions. 

3.  Warm  up  the  dual-beam  spectrophotometer  and  set  the  wavelength 
to  420  nm . The  instrument  is  zeroed  with  matched  1-or  4-cm.  path 
cuvettes  containing  ammonium  acetate  extractant  solution  placed 
in  both  the  sample  and  reference  beams. 

4.  Place  10.0  ml  aliquot  of  sample  or  QA/QC  extract  into  a 25  ml 
scintillation  vial  or  Erlenmeyer  flask.  Add  0.70  ml  AR  grade 
12MHC1,  then  0.50  ml  of  conditioning  reagent. 

Note:  To  prepare  conditioning  reagent,  mix  30  ml.  of  cone.  HCl  with 

300  ml  DI  water.  Add  100  ml.  of  95%  ethanol  or  isopropanol. 
Dissolve  75  gms  AR-grade  NaCl  in  this  solution,  then  add  50 
ml  of  glycerol  and  mix. 

Swirl  the  solution  to  mix  well,  then  fill  the  reference  cuvette 
with  the  acidified  conditioning  reagent.  Next,  add  a small 
scoop  (0.05-0.10  cc)  of  AR  grade  BaCl2  to  the  remainder  of  the 


solution  (in  the  vial  or 

flask) , 

and 

then 

start 

the  timer. 

Swirl  the  solution  for  1 

minute , 

then 

pour 

into 

the  sample 

cuvette . 

Note:  Periodically  check  the  sample  cuvette  for  cloudiness.  If  the 

surface  appears  cloudy,  soak  the  cuvette  for  several  minutes  in 
12  M HCl  to  remove  the  BaS04  film.  The  sample  and  reference 
cuvettes  then  are  filled  with  ammonium  acetate  solution  and  the 
instrument  rezeroed. 


Ill . 2-2 


* a Of  M t*' 

« #«*»  -Xm  • V 1*0 

* .•«»<*(  rtfilft  fat  *i'' 


II  *(  ( • . «' 


( j 


Jr'  (u-’ 

syA' 

■■ 


t nt.'»  ^s“*  fm  ji 

#•!« 4Uit)^  !»■  ^ 

» 

V >td  Vi!^4LiIm>^* 

• aifVkW*  « '>(?»  ? ♦ 1 A # vififf 


* l»  *1  31 


i*n  ut 


1 


L'  fvr  " ^ t'j  *--’.  >1 

. -t  t.j  . V - . • .^‘ 


(4r>  - » f . Jt4  •■\i>  1 , 

J I* 

OC  ■ '"J  . *-.  ♦a.i 


ft  . ^ , 

i I aiiip 

>t(  • 1 r 

iMli-  • • 

r.  .tti.  ■ 


Jl  * 


*u.. 


a*i 


i<  1 '• 


'-' A'M*:  : U 

» *rf' » M<' I 


% » 


• ■ - . * f > ■ ' 

Vi: ..  ^ . . i 

■V  l.i  . ..,,i  !J0I  m*£,  - :.  .4:  ^_- 

■ o-  '’  ^ M -(rA  ift.'i  2T 

^ r Jt  / *-r  /i  . ‘ ff 

4 

f : i(>  J .1,  '.|(i'J.>»  «.o 

,iw.  .••.ijdt  #,tj  ^^3. 

-<  - »'*  1 ' 0.  >1  -yrrn 

T ^ . V.  « ,,i  t tv3kl  AH! 

^ 1 .. 


i 

* t 

* dLlH:>i 


mj  1 ■- 


i 

\ 


>«  * * I */ 


* • t «4IA 

« ti 


Page  3 of  4 


5.  Insert  the  sample  and  reference  cuvettes  into  the  spectrophoto- 
meter and  allow  the  digital  reading  to  equilibrate-stabilize . 
The  sample  must  remain  undisturbed  in  the  instrument  until  full 
turbidity  is  developed  (as  determined  by  the  digital  readout). 
The  reaction  is  considered  complete  when  no  further  increase  in 
absorbance  occurs  over  several  minutes.  For  samples  containing 
low  concentrations  (<10ppm)  of  sulfate,  the  development  of 
BaS04  can  take  as  long  as  15  or  20  min;  however,  five  minutes 
is  usually  sufficient.  If  the  absorbance  increases  and  then 
begin  to  decrease,  record  the  maximum  absorbance  value  obtained. 

6.  Plot  absorbance  vs.  concentration  for  the  standards  and,  using  a 
polynominal  least-squares  computer  program,  calculate  the  least- 
squares  coefficients  and  the  correlation  coefficient.  Select 
the  degree  of  the  polynomial  that  gives  the  best  correlation 
coefficient;  however,  the  degree  of  the  polynomial  must  be,  at 
most,  one  less  than  the  number  of  data  points.  If  the  correla- 
tion coefficient  is  0.998  or  greater,  the  calibration  curve  is 
acceptable.  If  not,  recalibrate. 

Alternatively,  the  absorbance  and  standards  data  may  be  plotted 
and  the  calibration  curve  constructed  by  hand. 

Note;  During  the  analytical  run  do  at  least  two  additional  determina- 
tions of  the  zero  standard  or  the  next  lowest  standard. 
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Calculate  3 times  the  standard  deviation  of  the  replicate  low- 
level  measurements,  and  report  this  value  as  the  MDL. ) 

7 . Determine  the  absorbance  of  samples  in  the  same  manner  as  for 
standards  (see  Step  4). 

8.  Concentration  values  for  unknown  samples  are  determined  by 
using  either  the  least-squares  program,  or  by  taking  values 
from  the  hand-constructed  standard  curve.  Dilution  factors  then 
are  taken  into  consideration  to  yield  the  adjusted  sulfate 
concentration . 

9.  Analysis  of  analyst-prepared  quality  control  samples  at  the 
frequency  specified  in  the  quality  control  (QC)  plan  is  required. 
If  the  quality  control  samples  are  within  the  QC  plan  control 
limits,  the  analysis  is  complete.  If  not,  take  the  corrective 
action  as  specified  in  the  QC  plan. 

10.  Record  "in  control"  results  on  preliminary  report  forms,  or  on 
the  computer  Laboratory  Information  Management  System,  as  di- 
rected . 
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III  . 3 

TOTAL  SULFUR  DETERMINATION  IN  SOLIDS 

Summary 

The  solid  sample  is  heated  with  an  excess  of  Eschka's  mixture  in  a 
muffle  furnace,  thus  converting  the  sample's  sulfur  to  various 
sulfate  salts.  These  salts  are  dissolved  in  water,  liberating  the 
sulfate  ion.  The  solution  is  filtered,  and  sulfate  content  deter- 
mined either  by  gravimetry  or  turbidimetry  via  precipitation  with 
barium  chloride  to  form  barium  sulfate. 

References 

ASTM  Method  3177-82,  AOAC  Methods  3.108-3.110  (1984)  and  USEPA 

Method  375.3(3/83). 


Procedure 


1.  Weigh  ~1  gm  solid,  to  the  nearest  0.1  mg  using  an  analytical 
balance.  Thoroughly  mix  the  sample  with  ~3  gms . low-S  Eschka's 
mixture  (62  MgO : 34Na2C03%  w/w)  in  a porcelain  crucible  using  a 
glass  stirring  rod.  Cover  the  stirred  sample  with  an  additional 
1 gm  of  Eschka's  mixture. 

Note:  The  detection  limit  for  1 gm  samples  is  about  0.008%  (80  ppm) 

as  S or  0.025%  ( 250  ppm)  as  SO^""^.  The  maximum  amount  of 

sulfur  that  may  be  present  in  the  sample  if  the  gravimetric 
procedure  is  used  is  0.15  gm,  or  0.45  gm . as  80^“^. 
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2.  Place  each  crucible  in  a "cold"  (room  temperature)  muffle  fur- 
nace and  gradually  raise  the  temperature  to  800°C  within  about 
1 hr..  Maintain  the  crucible (s)  at  this  temperature  for 
approximately  1-1/2  hrs  or  until  all  evidence  of  reduced 
carbon  (black  particles)  have  disappeared  upon  stirring.  Turn 
off  the  furnace  at  this  point. 

3.  Allow  the  crucible(s)  to  come  nearly  to  room  temperature  before 

removing  from  the  furnace.  Transfer  the  contents  of  each  cru- 
cible quantitatively  to  a 200  mL  beaker  using  a small  volume 
of  DI  water.  Make  up  to  ~100  mL  with  hot  DI  water  and  digest 
(extract)  the  ash  for  1/2  to  3/4  hr — do  not  boil--with  occasional 
stirring.  If  turbidimetric  analysis  is  to  be  used,  proceed  to 
step  if  gravimetric  analysis  is  used,  proceed  to  step  5. 

4. (a)  Filter  the  solution  through  Whatman  No.  42  paper,  collect- 

ing each  filtrate  in  either  a 125  mL.  or  250  mL.  volumetric 
flask . 

Note:  Use  former  size  for  vegetation  and  soils,  and  the  latter 

for  coal . 

Thoroughly  wash  the  insoluble  matter  trapped  on  the  filter 

with  ~50  or  ~100  ml  of  hot  DI  water,  as  determined  by  volumet- 
ric flask  volume.  Discard  the  filter  paper  when  washing 
is  complete. 
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(b)  Add  1:4  AR  grade  HCl  to  the  filtrate  until  blue  litmus  paper 
just  changes  to  pink,  this  volume  should  vary  from  5 to  15 
mL,  as  determined  by  filtrate  volume. 

(c)  Dilute  the  slightly  acidified  filtrate  with  DI  water  to  standard 

volume  (i.e.,  125  or  250  mL ) and  analyze  by  the  turbidimetric 

sulfate  procedure  (see  MultiTech  Laboratory  SOP  Manual,  pp. 
3. 2/3. 3. 

(d)  Calculation: 

%S  = (x*y/z)*  3.33x10-5 
Where : 

X = mg/L  sulfate  in  particular  extract  (corrected  for 
digestion  blank). 

y = ml  of  extract  (i.e.,  125  or  250  mL  normally). 

z = gm  of  sample,  corrected  to  oven  dry  weight  basis, 
unless  otherwise  indicated. 

(e)  Proceed  to  step  6. 

5(a)  Filter  the  solution  through  Whatman  No.  42  paper,  collecting  the 
filtrate  into  a 400  ml.  beaker.  Thoroughly  wash  the  insoluble 
matter  on  the  paper  with  ~5  mL  hot  DI  water.  Discard  the 
filter  paper  when  finished  washing. 

b)  Add  1:4  AR  grade  HCl  to  the  filtrate  until  blue  litmus  paper 
just  changes  to  pink  ( ~15  mL  acid),  then  add  another  0.5 
mL  of  this  same  dilute  acid  solution. 
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(c)  Bring  the  acidified  solution  to  a gentle  boil  and  add  slowly, 
stirring  constantly,  10  mL  of  lOOg/L  BaCl2  solution. 

The  BaCl2  must  be  in  excess.  If  additional  drops  of  this 
solution  cause  additional  BaS04  precipitation,  discard  the 
solution  (filtrate)  and  reds  the  analysis  using  a smaller  weight 
of  samples. 

(d)  Continue  gentle  boiling  for  15  min,  then  allow  the  solution 
to  stand  for  a least  2 hrs . , or  preferably  overnight,  at  a 
temperature  slightly  below  the  boiling  point. 

(e)  Filter  the  solution  through  Whatman  No.  42  paper.  Wash  the 
filter's  contents  with  hot  DI  water  until  1 drop  of  1.0  M AgN03 
solution  produces  no  more  than  a slight  opalescence  when  added 
to  8-10  mL  of  filtrate. 

(f)  Place  the  wet  filter  paper/BaS04  precipitate  into  a crucible  of 
known  weight . 

Note : Previously  heat  the  crucible  at  925°C  until  constant  weight  is 
attained,  and  weight  is  known  to  the  nearest  0.1  mg. 

Fold  the  paper  loosely  over  the  precipitate  so  as  to  prevent 
spattering,  but  yet  allows  free  access  of  air.  Smoke  the  paper 
off  gradually,  but  never  allow  it  to  burn  with  a flame,  in  a 
muffle  furnace  by  slowly  increasing  the  temperature  from  ambi- 
ent ( ~22°C)  to  750°C  over  a period  of  1 hr.  After  the  paper 
is  practically  consumed,  increase  the  temperature  to  925 °C  and 
heat,  for  approximately  1 hr.,  to  constant  weight.  Remove  the 
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crucibles  once  they  have  cooled  for  ~ 1/2  hr.  within  the  furnace. 


(g ) 


Finish  cooling  the  crucible(s)  in  a desiccator  and  weigh  each  one 
to  the  nearest  0.1  mg.  using  an  analytical  balance. 


(h)  Calculations: 

% S = (x-y/z)*  0.01373 
Where : 

X = mg  BaS04  recovered  per  sample. 

y = mg  BaS04  apparently  recovered  from  the  digestion  blank, 
z = gms  sample,  corrected  to  an  oven  dried  weight  basis. 


(i)  Proceed  to  step  6. 

6.  Similarly  analyze  all  required  QA/QC  samples  as  done.  Carry 
one  digestion  blank  through  the  procedure  for  each  batch  of 
twenty  (20)  samples  or  fraction  thereof. 


7.  The  analyst  prepared  QC  samples  will  be  analyzed  at  the  frequen- 
cies specified  in  the  QA/QC  plan.  If  the  analytical  results 
are  within  the  QA/QC  plan  control  limits,  the  analysis  is 
complete.  If  not,  take  the  appropriate  corrective  action 
specified  in  the  plan. 


8.  Record  the  "in  control"  results  on  preliminary  report  forms,  or 
on  the  computerized  LIMS,  as  directed.  All  analysis  preparation 
sheets,  data  sheets  and  preliminary  report  sheets,  etc.,  will  be 
filed  as  specified  in  the  MultiTech  Laboratory's  SOP  (pp.  1-38/ 
1-40) . 


Ill .3-5 


M 0»Imi  4»..  .n 


t i‘  ^0 * ^!  [ 

rirji.  f t>3*0  -•_.  ,o;q»r*l,^  • i 

d V,'  D«»>e 

THf:  j itTii.  . It  JM£t4  »fifl 

.1*'vTtr''r  - Tjo  l«iJ  ^;»ISM»* 


Ai  r.4i*^c«>r-«  %d  ) 
«rilj  It 
•«»  i. 


i • * i*  *.f  ,f  #*n 

»♦! » <w  *44  / . -^*-  #>*1- 

")  V* 


--.  % 


‘«  * ^ f £ 


SILVER  BOW  CREEK  REMEDIAL  INVESTIGATION 
AGRICULTURE  INVESTIGATION 


ATTACHMENT  IV 

DETAILED  ANALYTICAL  METHODS  FOR  PLANT  MATERIALS 


IV. 1 WET  ASHING 

IV. 2 TOTAL  KJELDAHL  NITROGEN  DETERMINATION 
IV. 3 PHOSPHORUS  DETERMINATION 


V 


MultiTech 


Page  1 of  3 


ATTACHMENT  IV. 1 

VEGETATION  SAMPLE  DIGESTION  PRIOR  TO  TRACE  ELEMENT  ANALYSIS 

Each  dried,  ground  sample  is  hand-mixed  in  its  storage  vial  by  gentle 
tumbling  for  approximately  10-  to  15-sec.  Approximately  one  gram 
of  sample  is  weighed  into  a tared  150  to  250  mL  graduated  beaker  or 
Erlenmeyer  flask;  the  container  plus  sample  is  weighed  to  the 
nearest  0.01  gm . via  use  of  a toploading  balance.  If  a replicate 
is  required  to  meet  internal  QC  protocols,  a second  1-gm  portion 
then  is  withdrawn  from  the  storage  vial  and  processed,  in  the  same 
manner  as  described  above. 

Sample  Digestion 


(1)  Approximately  30  to  40  mL  of  Instra-Analyzed , concentrated 
nitric  acid  (HNO3)  is  carefully  dispensed  to  each  "beaker";  if 
the  sample  material  is  believed  to  be  high  in  protein,  fatty, 
or  resinous  substances,  the  beaker  or  flask  should  be  set  in 
the  fume  hood  for  about  1/2  hour  before  heat  is  applied.  This 
process  is  repeated  for  the  NBS  Standard  Reference  Materials, 
e.g..  Orchard  Leaves  (NBS-SRM  No.  1571)  and  Citrus  Leaves 
(NBS-SRM  No.  1572  ).  A watch  glass  is  placed  on  top  of  each 
beaker  following  addition  of  the  acid.  If  flasks  are  utilized, 
insert  the  reflux  cap  at  this  time. 
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(2)  The  prepared  containers  are  swirled  gently  to  mix  the  acid  with 
the  plant  materials.  The  inner  walls  are  each  washed  with  a 
small  amount  of  AR-grade  HNO3  and  placed  on  a hotplate  which  is 
then  heated  to  170°C.  The  reagent  blanks  are  placed  on  the 
hotplate  at  this  time. 

(3)  The  containers'  contents  are  allowed  to  digest  gently  until  the 
expulsion  of  the  reddish-brown  NO2  is  nearly  complete.  The 
heat  is  then  increased  to  195°C  to  200°C  (taking  care  to  avoid 
severe  bumping  or  sample  spattering)  for  about  11/2  hours  or 
until  the  usually  straw-colored  liquid  is  reduced  to  a few  mL 
volume . 

(4)  The  inner  walls  of  each  container  are  rinsed  with  ~1  ml.  of 
AR-grade,  30  percent  H2O2 . Approximately  5 mL  AR-grade,  concen- 
trated perchloric  acid  (HCIO4)  is  then  added  to  each  "beaker", 
including  the  blanks . 

(5)  Each  volume  is  reduced  to  near  dryness  at  200°C  to  205°C  with- 
out charring,  until  dense,  white  HCIO4  fill  the  container. 

Several  additional  volumes  2 mL  total)  of  H2O2  can  be  added 
to  each  container  while  swirling  to  complete  the  decolorization- 
oxidation  processes  at  this  stage.  Rapid  or  explosive  oxida- 
tion problems  resulting  from  perchlorate-organic  matter  reac- 
tions should  not  be  observed,  as  the  oxidation  process  is 
largely  complete  before  final  HCIO4  fuming.  Heating  is  con- 
tinued until  the  reappearance  of  white  fumes. 
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(6)  The  completed  digests  and  blanks  are  removed  from  the  hotplate 
and  several  inL  of  DI  water  are  added  to  each  "beaker"  ; this 
serves  to  cool  the  reactions  and  dissolve  the  acid  fumes  into 
each  digest  solution.  For  those  samples  slated  for  Fe  and  Mn 
anlyses,  add  3 drops  AR-grade  sulfuric  acid  plus  10  ml  of  DI 
water.  Each  solution  is  gently  boiled  for  about  10  minutes, 
then  removed  from  the  hotplate  and  allowed  to  cool. 

(7)  Each  cooled  digest  is  filtered  using  either  sintered  glass 
disks  under  light  vacuum  or  Whatman  No.  42  ashless  filter  paper 
(or  equivalent)  into  a 50  ml . volumetric  flask.  The  watch 
glass,  glass  rod  and  filter  paper  are  rinsed  with  two  10  ml 
portions  of  1:100  NHO3  and  the  rinsings  collected  in  the  volu- 
metric flask.  The  volume  is  made  up  with  1:100  HNO3.  The 
analyte  concentrations  are  determined  either  by  appropriate 
flame  or  furnace  atomic  absorption  methods  or  by  ICAPES  (USEPA 
1983) . 
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IV.  2 

DETERMINATION  OF  KJELDAHL  NITROGEN  (CRUDE  PROTEIN) 

MultiTech  utilizes  a Labconco®  brand  micro-K jeldahl  distillation 
unit  to  determine  % Kjeldahl  nitrogen  in  soil  and  plant  materials. 
The  method  discussed  below  presumes  the  use  of  such  as  apparatus . 

Sample  Digestion 


(1)  Weigh  a 0.20  gm  portion  from  each  sample  vial  to  the  nearest  0 . 1 mg 
(by  using  an  analytical  balance)  and  then  carefully  place  into  the 
100  mL  capacity  micro-K jeldahl  flask. 

(2)  Add  ~2  gms  of  AR-grade  K2SO4.  Any  sample  or  salt  trapped  in  the 
neck  of  the  flask  is  washed  to  the  bottom  with  a minimum  volume 
of  DI  water. 

(3)  Pour  approximately  10  mL  of  AR-grade  concentrated  sulfuric  acid 
slowly  down  the  neck  of  each  flask.  Too  rapid  addition  of 
acid  could  cause  the  sample/water  slurry  to  overheat,  and  pos- 
sibly be  expelled  from  each  flask. 

(4)  Drop  six  to  eight  Hengar®  selenized  boiling  granules  into  each 
flask,  then  place  on  the  heater  and  adjust  the  heat  to  the  "low" 
setting.  The  heating  rate  is  slowly  increased  to  a reading  of 
"8"  on  the  control  dial.  The  heating  rate  is  carefully  moni- 
tored so  as  to  avoid  excessive  foaming  and  subsequent  loss  of 
sample . 
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(5)  Continue  heating  until  the  sample  digest  turns  pale  yellow  to 
yellow-green.  Keep  the  refluxing  action  to  the  lower  half  of 
each  flask's  neck;  rotate  flasks  occasionally  to  keep  solids 
exposed  to  the  acid.  2 mL  of  acid  may  be  added  if  the  parti- 
cular sample  begins  to  bake  on  the  inner  walls  of  the  neck. 

Sample  Distillation 


(1)  Bring  the  reservoir  water  to  a boil. 

(2)  Carefully  pour  the  sample  into  the  sample  inlet  reservoir. 

Note:  Do  not  transfer  solid  matter  (e.g.,  disintegrated  boil- 

ing granules)  into  the  inlet  reservoir. 

(3)  Open  the  inlet  stopcock  and  slowly  add  the  sample  to  the 
distillation  chamber. 

Note : Too  rapid  an  addition  may  result  in  sample  flash-over 

because  of  the  violent  reaction  of  the  concentrated 
sulfuric  acid  with  residual  water  in  the  distillation 
chamber . 

(4)  Add  about  5 mL  of  DI  water  to  the  micro-K jeldahl  flask  and  swirl. 

(5)  Add  the  washings  to  the  inlet  reservoir,  open  the  inlet  stopcock, 
and  allow  the  washings  to  enter  the  distillation  reservoir. 

(6)  Pour  30  to  35  mL  of  45%  (w/v)  NaOH  into  a plastic  graduated 

cylinder  and  then  pour  solution  into  the  inlet  reservoir. 

(7)  Pour  50  mL  of  0.8  M H3BO3  into  a 125  mL  Erlenmeyer  flask  and 
add  about  10  drops  of  brornocresol  green-methyl  red-mixed  indica- 
tor solution  (1%  solution  in  methanol). 


IV. 2-2 


iP  lJUA  • WC  a I '■’' / p»fj>  • »i-^-  -•  » 

••»  'f  l'l«p-' * ../ itt*'  *#-«*,  it  '<V>A  >4  -II  ♦ ’ ! ■*'  * 

^ #MMp  4M  t«'n  IC»  Jm  • .MTe  IIICI 

'I*-  iSPfcri  fh.  4l|M  *4  fpi>-J.r«*»J 


li^^.f . . I • 

'■mSA*  -* »« - 
no/  .i  : 


I I ?•■•■-- 


. » » Ji-'>.X  '1. 


' .'  (>■? 


S®Ci, •*»!*»  ««'»-•■  -•■' 

JT5^  i 4 si-  &iS-J  V « ' I * -,  • * 1 i-t f It-  t *v 

III 

Npl  fc04  j --  .-I 

.*.  .-  i%i  ; ’ ■ i : 

• i-  i_  V <14  't%a  1 ’’ 

t4X0  %0'-'<iftiiMMi: 
ivuT  iarait  Hjli#  1 i-.v<-  •711^1"  4ifi» 


I ^ ■ >1 


4^1  * 


if'  I I : I -J  111 

' ' i le  i » : * 


(£i 


:t«  ’**!r  w I T,  *,T(  ? fv.r-.  - .ia  (4| 

»*iwtfc»e.-,  Mi*.  t»’ ' ■ , t •'I  i I • • . ;ji  (,;) 

»•>  t«  9«r%  1 * * i '•  i jr.B 


iV\m't  * ■ *1  tt>  f. 

• : C‘f 

utiol 

i^1 

f iu , (.  ‘Ini#  I 

- «i 

■ i 

/t.  j* 

ui-*v; 

. * , 4 »•  : 


-II  ’ i 


< • ) % * i. 


Page  3 of  5 


(8)  Place  the  Erlenmeyer  flask  under  the  distillation  apparatus  so 
that  the  tip  of  the  condenser  is  immersed  in  the  boric  acid. 

(9)  Slowly  add  the  NaOH  solution  to  the  sample  in  the  distilla- 
tion chamber,  pouring  the  NaOH  down  the  side  of  the  distillation 
chamber  so  that  a minimum  degree  of  mixing  occurs. 

Note ; The  NaOH  reacts  very  violently  with  the  sample's  sulfuric 
acid  and  the  addition  must  essentially  be  made  dropwise. 
Also,  care  must  be  taken  to  do  this  steadily  so  that  a 
vacuum  is  not  created  which  will  suck  the  boric-acid 
receiving  liquid  into  the  distillation  chamber. 

(10)  After  completion  of  the  sodium  hydroxide  addition,  continue 
the  distillation  until  a total  of  100  to  125  mL  is  in  the 
receiving  flask. 

Note ; The  sample  should  turn  a dark  brown.  Failure  to  do  so 
usually  indicates  insufficient  NaOH;  consequently,  add 
another  1 to  5 mL  of  NaOH  solution. 

(11)  Remove  the  receiving  flask  and  clean  the  distillation  appara- 
tus (described  below) . The  liquid  in  the  receiving  flask  is 
then  titrated  as  follows. 

Titration  Step  and  Calculation  of  Percent  Kjeldahl  Nitrogen  Content 

(1)  Quantitatively  transfer  the  liquid  from  the  receiving  flask  is 
transferred  quantitatively  to  a 250  mL  Erlenmeyer  flask  and 
titrate  with  ~0.1  N HCl  (standardized  to  + O.OOOIN).  Because 
the  titrant  volume  used  is  often  less  than  5 mL  the  use  of  a 
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microburet  graduated  in  0.02  ml.  divisions  is  imperative.  This 
type  of  buret  can  be  read  to  + 0.005  ml.  of  volume. 

(2)  Calculate  the  percent  Kjeldahl  nitrogen  from  the  equation: 
%N  = (Tg  - Tfe)  * (N)  (14.01)  (100) 

1000*(W) 

Where : 

Tg  = mL  titration  for  sample  where: 

= mL  titration  for  blank 
N = normality  of  standard  hydrochloric  acid 
and  W = gms  of  sample 

An  example  of  the  calculation  is  given  below: 

Raw  data  N = 0.0942 

Tg  = 1.94 
Tb  = 0.07 
W = 1.9872 

Kjeldahl  N = (1.94  - .07)  (.0942)  (14.01)  (100) 

(1000)  (1.9872) 

= 0.12% 

Note:  It  is  suggested  that  sample  splits  be  analyzed  for  every 
20th  sample  so  as  to  check  analytical  precision.  The 
accuracy  of  the  results  can  be  checked  via  analysis  of 
reagent  blanks  and  aliquots  of  NBSSRM  1571,  Orchard  Leaves. 
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Cleaning  the  Apparatus 


The  method  used  to  clean  the  Labconco  Model  65000®  digestion  appa- 
ratus and  Labconco  Model  60300®  distillation  apparatus  is  presented 
on  Page  4 of  MultiTech  (1980)  Standard  Procedure  No.  15. 
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ATTACHMENT  IV. 3 

DETERMINATION  OF  PHOSPHORUS  CONTENT  IN  PLANT  MATERIALS 

Approximately  1-gm  of  sample  is  prepared  for  digestion  as  described 
in  the  first  paragraph  of  Attachment  IV. 1 (wet  ashing).  Specific 
modifications  of  this  general  procedure  are  given  in  stepwise 
fashion  below: 

(1)  Initially,  add  10  to  15  mL.  of  3:2  cone.  HNO3:  cone.  H2SO4 

(AR  grade)  solution  to  each  flask;  heat  gently  (at  130- 
145°C)  until  expulsion  of  NO2  is  nearly  complete,  and  white 
SO 3 fumes  appear.  Carefully  add  5 mL  of  cone.  HNO3  and 
reflux  until  the  SO3  fumes  reappear. 

(2)  Add  1 mL  cone.  (AR  grade)  HCIO4  to  each  flask,  and  reflux 

at  190-200°C  until  dense  white  perchloric  acid  fumes  fill 
the  flask. 

(3)  Remove  flask(s)  from  the  hot  plate  and  set  on  an  asbestos 

sheet  to  cool  slightly.  Shortly  after,  add  approximately 
20  mL  DI  water  and  swirl  gently  so  as  to  put  the  insoluble 

silicates,  etc.,  into  suspension. 

(4)  Rinse  flask  contents  through  a pre-wetted  Whatman  No.  40 

filter  paper,  capturing  the  filtrate  in  a 100  ml.  volumetric 

flask.  The  quantitative  transfer  of  soluble  P is  ensured  by 
washing  the  insoluble  material  (in  the  paper)  using  several 
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10-ml . increments  Of  DI  water;  these  washings  are  collected 
(as  filtrate)  in  the  volumetric  flask. 

(5)  The  filtrate  is  diluted  to  standard  volume  using  DI  water. 
The  sample-P  content  can  be  determined  either  by  ICP  or  by  color- 
imetry . 
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SILVER  BOW  CREEK  REMEDIAL  INVESTIGATION 
AGRICULTURE  INVESTIGATION 


ATTACHMENT  V 
QA/QC  DATA 


MultiTech 


( 


SUMMARY  OF  PEiASE  OSIE  AGRICULTURAL  SAMPLES  ANALYZED 

BY  MULTITECH 


Site  No. 
AlO 
All 
A1 

A2 

A3 

T12 

T13 

T14 

T15 

T16 

T17 

A6 

A7 


Soils  Field /Laboratory  Nos.  Vegetation  Field/Laboratory  Nos, 


A10-5/S305 

A10-1/V052 

A11-6/S306 

A10-2/V053 

A1-7/S307 

A1-8/S308 

A1-9/S309 

A1/V054 

A2-10/S310 

A2/V055 

A3-11/S311 

A3-12/S312 

A3-13/S313 

A3-1/V056 

A3-2/V057 

T1 2- 59/ S3 20 
T1 2-60/ S3 21 

T12/V060 

T1 3-61/ S3 17 
T1 3-62/ S3 18 
T1 3-63/ S3 19 

T13/V058 

T1 4-55/ S3  22 

T14/V059 

T1 5-56/ S3 23 

T15/V063 

T1 6-57/ S3 24 

T16/V062 

T1 7-58/ S3 25 
Field  Blank/ S3 27 

T17/V061 

Field  Blarik/V064 

A6-18/S339 
A6 -19/ S3 40 
A6-20/S341 

A6-1/V065 

A6-2/V066 

A7-14/S335 
A7 -15/ S3  36 
A7-16/S337 
A7-17/S338 

A7/V067 
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SUMMARY  OF  PHASE  ONE  AGRICULTURAL  SAMPLES  ANALYZED 
BY  MULTITECH  (Oontinued) 


Site  No. 

Soils  Field/Laboratory  Nos. 

Vegetation  Field/Laboratory  Nos 

A12 

A1 2-21/ S3 42 
A1 2-2 2/ S3 43 
Duplicate/ S3 6 2 
A1 2-2 3/ S3 44 
Dupl icate/S3 63 

A12/V068 

A13 

A1 3-98/ S3 28 
A1 3-99/ S3 29 
A13-24/S345 
Duplicate/ S3 64 
A13-25/S346 
Duplicate/ S3 65 
A1 3-26/ S3 47 
A1 3-2 7/ S3 48 

A13/V069 

A9 

A9-1/S301 
A9-2/S302 
A9-3/S303 
A9-4/S304 
Field  Blarik/S300 

A9/V051 
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QUALITY  ASSURANCE  TERMINOLOGY 


The  QA  terms  pertinent  to  data  accuracy  and  precision — and  cited 
in  Section  2.5.1  of  the  RI  report--are  defined  below  (MultiTech  and 
Stiller  and  Associates  1985). 


Accuracy  is  defined  as  the  degree  of  agreement  of  a measurement 
with  the  "true"  or  accepted  value  for  the  measurement.  For  the 
purpose  of  this  study  the  primary  assessment  of  accuracy  was  the 
Known  Sample  Agreement  percent,  KSA(%),  and  Spiked  Sample  Recovery 
percent,  SSR(%),  defined  as  follows: 


Accuracy 


KSA( %) 


X 


X 100 


(5-1) 


T 


where : X = measured  value 


T = "true"  or  accepted  value 


SSR% 


X9  - (Xi ) (Di ) 

(S)  (D2) 


(5-2) 


where:  X^  = sample  result 


^2  “ spiked  sample  result 
= sample  dilution  factor 
S = spike  concentration 
D2  = spike  dilution  factor 
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Precision 


Precision  is  defined  as  the  measure  of  mutual  agreement  among 
individual  measurements  of  the  same  property,  usually  under  pre- 
scribed similar  conditions. 

For  the  purpose  of  this  study,  the  Duplicate  Sample  Agreement 
percent,  DSA(%),  and  the  Replicate  Sample  Agreement  percent,  RSA(%) 
defined  by  the  following  equations,  were  used  as  the  measures  of 
precision : 


DSA( %) 


X 100% 


(5-3) 


(di  + d2)/2 


where;  di  = first  sample  result 


d2  = second  sample  result 


RSA( %) 


X 100% 


(5-4) 


(ri  + r2)/2 


where:  r^  = first  measurement  on  sample 


r2  = second  measurement  on  sample 
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ATTACHMENT  V.  1 


qa/qc  data  for  soils 


V.1.1  £H 


"Q"  Sairple  Nos.  Cbntents  Canr^ents 

ISb  formal  Q (lab.  gener-  Std.  pH  solutions  of  — 

ated)  sairples,  but  cali-  4.0  and  7.0  were  used 

bration  checks  were  per-  for  calibration  checks, 

formed  after  sarple  nos. 

308,  317,  329,  343,  353, 
and  368. 


Lab.  Replicate  Samples 


310 

7.98 

320 

6.19 

339 

4.62 

362 

6.43 

365 

4.69 

310D 

8.04 

320D 

6.39 

339D 

4.94 

362D 

6.57 

36  5D 

4.89 

RSA 

100 

RSA 

98 

RSA 

97 

RSA 

99 

RSA 

98 

Field 

Duplicate  Sairples 

328 

4.22 

343 

6.41 

344 

7.93 

345 

4.57 

346 

4.89 

329 

4.49 

362 

6.43 

363 

7.95 

364 

4.54 

365 

4.69 

DSA 

97 

DSA 

100 

DSA 

100 

DSA 

100 

DSA 

102 

V.1.2  Electric  Conductivity 


"Q"  Sample  Nos. 

Che  "Q"  std.  was  used  to 
check  measurement  accuracy. 


Contents 

O.OINKCI  solution. 


OonTtents 

Theoretical  value  = 
1413  yrrihos,  vs.  obser- 
ved value  of  1379 
ynhos.  The  KSA  = 98%. 


Lab . Replicate  Samples 


yiTihos/  cm. 


310 

3192.96 

320 

862.42 

339 

302.32 

362 

350.05 

365 

1325.98 

307 

14,532.73 

310R 

3182.35 

320R 

869.84 

339R 

303.38 

362R 

354.30 

36 5R 

1325.98 

410 

15,593.51* 

RSA 

100 

RSA 

100 

RSA 

100 

RSA 

99 

RSA 

100 

RSA 

96 

*Blind  split 
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Field  Duplicate  Sairples 


328 

4760 

343 

3990 

yntios/cm. 
344  1230 

345 

3650 

346 

1490 

329 

1146 

362 

3300 

363 

1109 

364 

3320 

365 

1250 

DSA 

161 

DSA 

109 

DSA 

105 

DSA 

105 

DSA 

91 

V.1.3  Mechanical  Analyses 


"Q"  Sairple  Nos. 

No  fonral  Q sairples, 
except  for  the  "Calgon 
Correction  Blanks" , as 
noted  on  the  report 
sheets. 


Contents 

Blank  solution  was 
100  gm(±)  Calgon, 
diluted  to  1 L with 
DI  water. 


Caments 


Lab  Replicate  Sanples 


% w/w,  oven  dry 


Sairple  Nos. 

Sand 

Silt 

Clay 

S3  46 

57.1 

25.2 

17.7 

346P 

57.7 

25.1 

17.2 

RSA 

99 

100 

101 

S3 14 

46.9 

42.2 

10.9 

314R 

50.0 

40.0 

10.0 

RSA 

97 

103 

104 

S361 

21.4 

61.7 

16.9 

361R 

22.6 

64.3 

13.1 

RSA 

97 

98 

113 

S373 

30.5 

58.6 

10.9 

373R 

30.7 

58.7 

10.6 

RSA 

100 

100 

10] 

Field  Duplicate  Sanples 


Sairple  Nb.s 

% w/w. 
Sand 

oven 

Silt 

dry 

Clay 

328 

53.3 

33.1 

13.6 

329 

52.7 

28.4 

18.9 

DSA 

101 

108 

84 

343 

49.9 

41.8 

8.3 

362 

50.2 

42.0 

7.8 

DSA 

98 

100 

103 

344 

59.7 

32.0 

8.3 

363 

55.5 

36.7 

7.8 

DSA 

104 

93 

103 

345 

53.2 

31.4 

15.4 

364 

49.3 

35.0 

15.7 

DSA 

104 

95 

99 

346 

57.1 

25.2 

17.7 

365 

54.5 

37.8 

7.7 

DSA 

102 

80 

139 

V.1-2 


V.1.4  Saturation  Paste  (Alkali /Alkaline  Earths) 


Instrumental  "Q"  Sanples* 


Ca, 

Ca, 

Ca, 

Laboratory  I.D. 

KSA 

Laboratory  I.D. 

SSR 

Laboratory  I.D. 

RSA 

WP1183  #1  (4x) 

92 

4nl  std.  #1,  6ml  305  (lOOx) 

93 

304/304R 

100 

WP1183  #1  (4x) 

98 

2nl  std.  #1,  8ml  320  (lOOx) 

103 

319/319R 

98 

WP1183  #1  (4x) 

98 

4nl  std.  #1,  6ml  336  (lOx) 

98 

335/335R 

101 

WP1183  #1  (4x) 

97 

2nl  std.  #1,  8ml  342  (lOOx) 

108 

346/346R 

101 

WP1183  #1  (4x) 

97 

4ml  std.  #1,  6ml  1109 

98 

Q1109/Q1109R 

99 

WP1183  #1  (4x) 

95 

(lOOx) 

1^, 

Mg, 

Laboratory  I.D. 

KSA 

Laboratory  I.D. 

SSR 

Laboratory  I.D. 

RSA 

WP1183  #1  (4x) 

106 

4nl  std.  #1,  6ml  305  (lOOx) 

104 

306/306R 

101 

WP1183  #1  (4x) 

106 

2ml  std.  #1,  8ml  320  (lOOx) 

108 

312/312R 

101 

WP1183  #1  (4x) 

106 

4nl  std.  #1,  6ml  336  (lOx) 

103 

325/325R 

99 

WP1183  #1  (4x) 

106 

2nl  std.  #1,  8ml  342  (lOOx) 

108 

345/345R 

102 

WP1183  #1  (4x) 

107 

4nl  std.  #1,  6ml  1109 

105 

364/364R 

98 

WP1183  #1  (4x) 

108 

(lOOx) 

K, 

K, 

K, 

Laboratory  I.D. 

KSA 

Laboratory  I.D. 

SSR 

Laboratory  I.D. 

RSA 

WP1183  #2  (2x) 

102 

2ml  2ppn  K,  8ml  308  (lOOOx) 

106 

305/305R 

100 

WP1183  #2  (2x) 

98 

2nl  2ppn  K,  8ml  321  (lOOx) 

103 

317/317R 

100 

WP1183  #2  (2x) 

97 

3nl  2ppTi  K,  7ml  337  (lOOx) 

104 

329/329R 

101 

WP1183  #2  (2x) 

98 

2nl  2ppn  K,  8ml  410  (lOOOx) 

105 

347/347R 

100 

WP1183  #2  (2x) 

98 

Na, 

Na, 

Na, 

laboratory  I.D. 

KSA 

laboratory  I.D. 

SSR 

laboratory  I.D. 

RSA 

WP1183  #2  (2x) 

105 

3bl  std.  #1,  7ml  310  (lOOOx) 

112 

306/306R 

100 

WP1183  #2  (2x) 

105 

3ml  std.  #1,  7ml  313  (lOOOx) 

106 

313/313R 

99 

WP1183  #2  (2x) 

104 

;3nl  std.  #1,  7ml  339  (lOx) 

105 

328/328R 

100 

WP1183  #2  (2x) 

104 

Snl  std.  #1,  7ml  342  (lOx) 

104 

343/343R 

100 

Vn^ll83  #2  (2x) 

106 

3tnl  std.  #1,  7ml  364  (lOOx) 

108 

1109/1109R 

102 

WP1183  #2  (2x) 

106 

(lOOx) 

* Dilution  factors  given  in  parentheses. 
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"Q"  Saitple  Nos. 

Contents 

Cb 

mg/L  (solution) 
Mg  K 

Na 

Q1108 

DI  HOH,  filtered 

8.12 

2.20 

0.352 

2.68 

Q1109 

Blind  split  from  319 

103 

20.4 

18.1 

259 

QlllO 

Lab.  spike  (IQnl  317 

199 

48.3 

45.2 

415 

Qllll 

+ 4ml  lO^ppm  Ca,  1ml 
lO^pn  Mg,  1ml  lO^K 
and  9ml  10^  Na) 

Field  blank,  S3 27 

1.17 

0.457 

0.136 

0.740 

Sanple  Nos. 

Ca 

mg/L 

Mg  K 

Na 

319 

97.1 

19.4 

17.7 

267 

Q1109 

103 

20.4 

18.1 

259 

RSA 

97 

97 

99 

102 

317  (sanple) 

86.0 

18.0 

12.4 

188 

QlllO  (spike) 

199 

48.3 

45.2 

415 

SSR 

103 

103 

101 

94 

Field  Duplicate  Sanples 

Sanple  Nos. 

Ca 

mg/L 

Mg  K 

Na 

328 

570 

297 

50.9 

74.8 

329 

130 

45.1 

25.9 

24.8 

DSA 

163 

174 

133 

150 

343 

44.7 

12.7 

24.8 

4.8 

362 

37.5 

10.1 

25.2 

3.9 

DSA 

109 

111 

99 

110 

344 

209 

58 

25.8 

14.3 

363 

179 

53 

24.4 

12.9 

DSA 

108 

104 

103 

105 

345 

586 

172 

63.8 

43.4 

364 

558 

148 

52.1 

33.4 

DSA 

102 

108 

110 

113 

346 

208 

63 

30.1 

20.4 

365 

164 

48.8 

25.2 

16.7 

DSA 

112 

113 

109 

110 
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V.1.5  "Plant  Available"  Heavy  Metals  (Excluding  As) 


Instrumental  "Q"  Sanples 


• KSA 

Laboratory  I . D . 

Gd 

Cu 

Elements 

Fe 

(%) 

Ml 

Db 

Zn 

WP284  #2  (2Qx  di lut ion ) 

113 

100 

102 

98 

101 

102 

WP284  #2  (2Qx) 

114 

102 

101 

101 

97 

102 

WP284  #2  (20x) 

115 

101 

99 

98 

94 

101 

WP284  #2  (2Qx) 

106 

100 

98 

95 

100 

98 

WP284  #2  (20x) 

ND* 

101 

ND 

103 

ND 

ND 

WP284  #2  (20x) 

111 

ND 

103 

ND 

97 

103 

*ND 

= Not  determined 

(no  analysis  performed  on  sample) 

• SSR 

Laboratory  I . D . 

Cd 

Cu 

Fe 

Mn 

Ib 

Zn 

2#1STD8S303P 

75 

91 

90 

86 

ND 

83 

1#1STE9Q1018 

ND 

80 

90 

86 

ND 

75 

2#1STD8S323P 

83 

98 

88 

85 

79 

81 

1#1;  9S339P 

ND 

92 

87 

89 

ND 

79 

1#1;  9S347P 

ND 

87 

ND 

82 

ND 

ND 

1#1;  9S410P 

78 

ND 

80 

ND 

79 

82 

1#1;  4S304P 

ND 

ND 

ND 

ND 

76 

ND 

2#1;  8S311P 

80 

ND 

ND 

ND 

76 

ND 

2#3;  8S336P 

80 

ND 

ND 

ND 

86 

ND 

• RSA 

Laboratory  I . D . 

Gd 

Cu 

Fe 

Mn 

Pb 

Zn 

R-S307P 

101 

100 

98 

100 

ND 

98 

R-S312P  (lOx  dilution) 

ND 

99 

100 

99 

ND 

99 

R-S322P 

98 

100 

98 

98 

97 

97 

R-S336P 

ND 

101 

101 

100 

ND 

102 

R-S347P 

ND 

99 

ND 

96 

ND 

ND 

R-S365P 

100 

ND 

90 

ND 

100 

98 

R-S306P 

ND 

ND 

ND 

ND 

97 

ND 

R-S310P 

96 

ND 

ND 

ND 

96 

ND 

R-S339P 

101 

ND 

ND 

ND 

101 

ND 

"Q"  Sairple 

Nos . Contents 

Cd 

Cu 

Elements 

Fe 

(ng/L  of  extract) 

Mn  Lb  Zn 

Q1017  DTPA  Ib  agent  blank 

<0.005 

0.191 

0.105 

<0.046 

<0.067 

0.038 

Q1018  NH4OAC  Reagent  blank 

<0.005 

<0.027 

<0.028 

<0.031 

<0.109 

<0.077 

Q1019  Field  blank  S300 

<0.005 

<0.027 

<0.028 

<0.031 

<0.109 

<0.065 

Q1020  1ml.  SOppm  Cu"^2  S322 

0.485 

9.63 

0.205 

39.5 

2.51 

9.72 

Q1021  EPA  Municipal  sludge 

0.595 

3.30 

6.23 

4.82 

0.985 

28.3 

Q1022  Blind  split  of  S324 

extract 

0.653 

32.8 

0.369 

37.5 

7.49 

16.2 

Q1023  lab  blank,  DI  HOH 

<0.011 

<0.034 

<0.063 

<0.034 

<1.131 

<0.046 

Q1024  Lab  blank,  DI  IDH 

<0.011 

0.050 

0.519 

<0.034 

<1.131 

<0.046 

SSR  for  Q1020,  Cu  = 84 

RSAs  for  Q1022(D1) , S324(D2);  Cd, 

102;  Cu, 

100;  Fe 

!,  94;  Mn,  97;  : 

Eb,  106; 

Zn,  102. 

V.1-5 


*■4 

1 ■ i * 

' j 

r.. 


(.«»J 

A^«0> 


(* 
t ‘ 


I 

U 


-■t,  ■*.  r ; r ■' 


" ■ - .V 


I « > « 

V .k- 

Si 

‘H 

vh 

< * 

• « 

w- 

1''  ^ 

>v 

r* 

.■4J*  .■ 

,.r , -.Mfir.! 

r* 

»*A  f 

'"‘t 

Oi 

. ' 

(« 

u*i 

M" 

4# 

« • 

? f“  • 
f _ 

k 1 

! 

4WI 

m 

1 * ' 

» 

ici) 

» 

;JA^ 

i ■ 

4 - 

*. 

# Hu  'jar 

mi 

*■ 

I’"'  ‘ 

.'vj 

m 

t . . 44 

pm 

•f 

. 1 

::^  liiii-l? 

- • ,►•: 

m 

^ . 

. j.  ■’■■ 

9 

ii" 

1’* 

•V 

‘ ■ t , 

• 

' 

'.'•P 

'.’'4 

t 

*. 

■:»s 

.-  r , • 

f 

'•> 

- 

T' 

1 * r 

r 

■i 

t 

<a 

•• 

ir 

:^r  • • 

tO 

, 

’ 1 

1*  * 

i •' 

u 

•i  '.%  • i » * 

'ii' 

1 

\ 

. ' if  r 

a 

.•*3 

i L 

< 

tf 

} 

(j,‘ 

1 

f??i' 

,.v^ 

'U 

' 

* 

a* 

, ^ *i 

» 

‘j*’ 

■ : ii 

1 

1 ■' 

-Ri 

: f'l*- 

1 

U»ii 

•? 

^m^ 

1 r' 

• » 

, 

» 

Ci* 


uG  £*‘'i 


f 


V 


t .••nj 

•’■'  ,,  - l> 


. 

: 

• < 

«V 


" i‘iC 


r 

I . 

v'.  / * ' 


I*  f. 


k ' ■ '■  D 


i ' 


j '<■  -•  » 


t M63 


Cl'*:  ji> 


1 


r-  V 


Lab.  Replicate  Sairples 


mg/L  of  extract 


Sample  Nos. 

Cd 

Cu 

Fe 

Mn 

Eb 

Zn 

307 

0.160 

3.81 

3.70 

2.65 

1.05 

6.24 

307R 

0.162 

3.78 

3.55 

2.64 

ND* 

5.97 

RSA 

99 

100 

102 

100 

— 

102 

307 

0.160 

3.81 

3.70 

2.65 

1.05 

6.24 

410  (BD) 

0.160 

4.16 

3.56 

2.33 

0.91 

6.13 

DSA 

100 

96 

102 

106 

107 

101 

312 

1.16 

11.5 

7.89 

2.40 

14.3 

81.7 

31 2R 

ND 

11.3 

8.62 

2.63 

ND 

79.8 

RSA 

— 

101 

96 

95 

— 

101 

322 

0.497 

10.5 

0.374 

41.3 

2.59 

8.82 

322R 

0.478 

10.5 

0.360 

39.6 

2.46 

8.35 

RSA 

102 

100 

102 

102 

103 

103 

336 

0.851 

53.4 

0.625 

24.2 

12.5 

43.3 

336R 

ND 

54.9 

0.639 

24.4 

ND 

44.6 

RSA 

— 

99 

99 

100 

— 

99 

347 

0.090 

3.51 

0.572 

1.29 

<0.131 

8.28 

347R 

ND 

3.43 

ND 

1.20 

ND 

ND 

RSA 

— 

101 

— 

104 

— 

— 

365 

0.367 

242 

0.165 

45.3 

0.448 

44.3 

36  5R 

0.367 

ND 

0.141 

ND 

0.445 

42.7 

RSA 

100 

— 

108 

— 

100 

102 

306 

1.22 

201 

0.328 

4.32 

0.321 

257 

306R 

ND 

ND 

ND 

ND 

0.304 

ND 

RSA 

— 

— 

— 

— 

103 

— 

310 

0.717 

63.8 

6.54 

6.76 

32.1 

18.9 

31  OR 

0.669 

ND 

ND 

ND 

29.8 

ND 

RSA 

104 

— 

— 

— 

104 

— 

339 

0.320 

9.10 

0.898 

8.06 

3.59 

6.42 

339R 

0.328 

ND 

ND 

ND 

3.67 

ND 

RSA 

99 

— 

— 

— 

99 

— 

* ND  = Not  determined  (no  analysis  performed  on  sairple)  . 
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Field  Duplicate  Sanples 


mg/L  of  extxact 


Sanple  Nos. 

Cd 

Cu 

Fe 

Mn 

Pb 

Zn 

328 

0.633 

376 

1.34 

115 

0.351 

106. 

329 

0.357 

218 

0.688 

52.6 

1.16 

34.0 

DSA 

128 

127 

132 

137 

46 

151 

343 

0.041 

0.745 

<0.056 

1.95 

0.023 

0.477 

362  (BD) 

0.025 

0.492 

<0.063 

0.876 

<0.131 

0.353 

DSA 

124 

120 

— 

138 

— 

115 

344 

0.004 

0.788 

1.86 

1.82 

0.192 

0.158 

363 

<0.011 

0.831 

0.926 

0.926 

0.162 

0.094 

DSA 

— 

97 

134 

133 

108 

125 

345 

0.577 

380 

0.655 

86.8 

0.239 

87.2 

364L 

0.501 

341 

0.366 

79.3 

0.461 

82.1 

DSA 

107 

105 

128 

105 

68 

103 

346 

0.445 

267 

0.167 

51.5 

0.402 

52.5 

365 

0.367 

242 

0.153 

45.3 

0.446 

43.5 

DSA 

110 

105 

104 

106 

95 

109 

V.1.6  Acid  Extractable  ("Total' 

')  Heavy  Metals  (Excluding  As) 

Instrumental  "Q"  Sanples 
• KSA 

Laboratory  I . D . 

Q3 

Cu 

Elements 

Fe 

(%) 

Mn 

Pb 

Zn 

STA  0029  (5x)* 

99 

103 

110 

106 

104 

104 

STA  0029  (5x) 

102 

101 

111 

105 

108 

103 

STA  0029  (5x) 

95 

97 

105 

101 

102 

97 

STA  0029  (5x) 

99 

97 

109 

102 

102 

94 

STA  0029  (5x) 

102 

101 

115 

107 

107 

103 

STA  0029  (5x) 

93 

97 

104 

101 

100 

95 

STA  0029  (5x) 

97 

95 

104 

99 

98 

94 

• SSR 

Laboratory  I.D. 

Cd 

Cu 

Fe 

Mn 

Pb 

Zn 

2#1STD8S302 

94 

93 

108 

97 

94 

95 

2#1STC8S317 

87 

85 

89 

81 

86 

85 

2#1STD8S336 

98 

105 

108 

115 

98 

100 

2#1STE8S342 

94 

102 

104 

88 

87 

93 

2#1STD8Q1047 

90 

93 

89 

88 

90 

86 

* Dilution  factors  given  in  parentheses. 
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• RSA  Elements  ( % ) 


Laboratory  I.D. 
R-S301 

Od 

97 

Cu 

98 

Fe 

97 

Mn 

98 

Pb 

97 

Zn 

97 

R-S312 

102 

98 

100 

99 

98 

100 

R- 

-S3  29 

98 

101 

100 

102 

104 

100 

R- 

-S346 

100 

102 

103 

103 

104 

102 

R- 

-S364 

100 

101 

102 

101 

99 

99 

Q"  Sanple 

mg/L  of  extracts 

Nos. 

Contents 

Cd 

Cu 

Fe 

Mn 

Pb 

Zn 

Q1043 

Field  Blank,  20  ml. 
of  S300 

<0.008 

<0.260 

<0.396 

<0.057 

<0.174 

<0.085 

Q1044 

Reagent  blank 

<0.008 

<0.260 

<0.396 

<0.057 

<0.174 

<0.085 

Q1045 

0.1  ml  500  ppm  Zn  in 
S3  08 

<0.008 

0.298 

202 

5.27 

0.265 

1.63 

Q1046 

NBS. Estuarine  Sediment(AD) 

0.008 

0.306 

446 

4.06 

0.527 

2.17 

Q1047 

Split  digest  of  S307 

0.043 

0.661 

132 

7.17 

0.298 

1.08 

Q1048 

Lab.  blank,  DI  HOH 

<0.008 

<0.260 

<0.396 

<0.057 

<0.174 

<0.085 

Q1049 

Lab.  blank,  DI  HOH 

<0.008 

<0.260 

<0.396 

<0.057 

<0.174 

<0.085 

Q1050 

Blind  Split(S410=S307) 

0.036 

0.761 

233 

8.22 

0.440 

1.44 

Q1148 

NBS  Estuarine  Sediment 
(AD) 

<0.006 

0.284 

286 

2.22 

0.276 

1.05 

Q1149 

NBS  Estuarine  Sediment 
(AD) 

<0.006 

0.308 

270 

2.27 

0.303 

1.12 

Q1150 

S329(AD) 

0.090 

16.8 

207 

6.44 

2.67 

4.32 

•KSA 

Gd 

Cu 

Fe 

Mn 

Pb 

Zn 

Q1046(Air  dry) 

111 

85 

67 

54 

94 

78 

Q1148(Air  dry) 

* 

158 

85 

59 

98 

76 

Q1149(Air  dry) 

* 

167 

81 

61 

107 

81 

•SSR  for  Q1045 

ND** 

ND 

ND 

ND 

ND 

77 

•RSA  for  Q1047  and  S307 

104 

78 

95 

97 

89 

93 

•RSA  for  S307  and  Q1050 

105 

115 

77 

96 

91 

93 

•RSA  for  S3 29  and  Q1150 

124 

106 

101 

105 

100 

106 

* Belcw  MDL  (<0.6  ug/g) 

**  ND  = Not  determinded  (no  analysis  performed  on  sanple) . 
Lab  Replicate  Sairples 


mg/L  of  extract 


Sanple  Nos. 

Cd 

Cu 

Fe 

Mn 

Pb 

Zn 

S3  01 

0.159 

41.3 

303 

19.6 

3.32 

23.7 

301R 

0.168 

42.7 

320 

20.1 

3.50 

25.1 

RSA 

97 

98 

97 

99 

97 

97 

S312 

0.200 

24.6 

223 

37.5 

9.72 

37.3 

312R 

0.209 

23.7 

224 

37.1 

9.30 

37.4 

RSA 

98 

102 

100 

101 

102 

100 

S329 

0.296 

37.6 

416 

13.8 

5.04 

9.65 

329R 

0.285 

38.1 

416 

14.4 

5.46 

9.69 

RSA 

102 

99 

100 

98 

96 

100 
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mg/L  of  extract 

Sanple  Nos. 

Gd 

Cu 

Fe 

Mn 

Pb 

Zn 

S3  46 

0.122 

31.2 

234 

11.4 

1.51 

8.02 

346R 

0.121 

32.2 

247 

12.0 

1.62 

8.34 

RSA 

100 

98 

97 

97 

96 

98 

S364 

0.355 

51.1 

435 

10.2 

5.19 

11.9 

364R 

0.354 

51.7 

448 

10.4 

5.07 

11.6 

RSA 

100 

99 

99 

99 

101 

101 

Field  Duplicate  Sairples 


mg/L  of  extract 

Sanple  Nos. 

Gd 

Gu 

Fe 

Mn 

Pb 

Zn 

S3  28 

0.351 

51.1 

412 

12.5 

6.01 

12.9 

329 

0.296 

37.6 

416 

13.8 

5.04 

9.65 

DSA 

108 

115 

100 

95 

109 

114 

S343 

0.029 

2.04 

259 

13.2 

0.398 

1.40 

362 

0.017 

1.92 

418 

12.9 

0.584 

1.60 

DSA 

126 

103 

77 

101 

81 

93 

S344 

<0.008 

0.842 

247 

10.6 

0.393 

1.18 

363 

<0.008 

0.772 

423 

15.1 

0.641 

1.40 

DSA 

— 

104 

74 

82 

76 

91 

S345 

0.186 

55.2 

276 

10.3 

4.49 

10.8 

364 

0.355 

51.1 

435 

10.2 

5.19 

11.9 

DSA 

69 

104 

78 

100 

93 

95 

346 

0.121 

32.2 

247 

12.0 

1.62 

8.34 

365 

0.149 

33.0 

421 

11.4 

2.47 

7.88 

DSA 

90 

99 

74 

103 

79 

103 

V.1.7  "Plant  Available"  Arsenic  (by  Halverson  Method) 
Instruniental  "Q"  Sanples 
• KSA 


Laboratory  I.D. 

As 

WP284#1( .013x)* 

112 

WP284#1( .013x) 

96 

WP284#1( .013x) 

111 

WP284#1( .013x) 

93 

WP284#1( .013x) 

100 

* Dilution  factor. 


V.1-9 


« Vr  .iVsir 


1 

ti 

-T 

it) 

i.'i 

# 

i / 

* 

tm 

. • ,' 

H « 

t:-|. : 

1 ,u 

t.n 

*(# 

»• 

\¥ 

1 , 

X fU 

«> 

i-U 

# . 

j'i< 

» *:»> 

*■  /jl 

( * 

UH 

tf 

i id. 


• SSR 


Laboratory  I.D. 

As 

2#1STD8S301A 

75 

2#1STE8S312A 

110 

2#1STD8S322A 

86 

2#1STE8S335A 

107 

2#1STD8S346A 

93 

• RSA 

Laboratory  I.D. 

As 

R-S303A 

98 

R-S311A 

108 

R-S325A 

103 

R-S339A 

106 

R-S364A 

104 

' Sairple 

Nos . Contents 

Q1025  Field  Blank,  S327 

Q1026  Reagent  Blank 

Q1027  0.1ml.  lOOOppm  As  in  S342 

Q1028  EPA  Municipal  Sludge 

Q1029  Split  extract  from  S348 

Q1030  Lab.  Blank,  DI  HOH 

Q1031  Lab.  Blank,  DI  HOH 

Q1151  EPA  Municipal  Sludge  #1691  (AD) 

Q1152  NBS  Estuarine  Sediment  (OD) 

Q1153  1.0  ml.  of  lOOOppn  As  in  16 

ml.  of  S342  filtrate. 

Q1154  ~4  gms.  S342. 


•KSA 

As 

Q1028 

172 

Q1151 

183 

Q1152 

131 

•SSR 

Q1027 

53 

Q1153 

28 

•RSA 

Q1029  and 

S348 

106 

Q1154  and 

S342 

89 

As,  mg/L  of  extract 
<0.291 
<0.291 
5.94 

1.46 
1.04 

<0 . 349 
<0 . 349 
1.62 
0.76 

17.7 

4.46 

Gcmment 

Q1028  and  Q1151  values  of  29.2  and  31.1 
pg/g  vs.  US. EPA  x = 17.0  ]jg/g(0-88.9 
yg/g,  95%  confidence  interval) . 

Q1152  = 15.2  yg/g  vs.  NBS=11.6+1.3 

V<3/9’ 


Lab.  Replicate  Samples 

Sample  Nos. 

S303A 

303A(R) 

RSA 


As,  mg/L  of  extract 

27.7 

26.4 

102 
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Sairple  Nos. 

As,  mg/L  of  extract 

S311A 

311A(R) 

RSA 

30.0 

35.2 

92 

S325?\ 

325A(R) 

RSA 

5.59 

5.87 

98 

S339A 

339?^(R) 

RSA 

6.74 

7.57 

94 

S364A 

364A(R) 

RSA 

18.6 

20.1 

96 

Field  Duplicate  Sartples 

Sanple  Mbs. 
S3  28 
329 
DSA 

As,  mg/L  of  extract 

29.4 

23.4 
111 

S343 

362 

DSA 

2.46 

2.21 

105 

S344 

363 

DSA 

0.530 

0.544 

99 

S345 

364 

DSA 

21.5 

18.6 
107 

S346 

365 

DSA 

7.94 

9.43 

91 
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V.1.8  Aqueous  Arsenic  and  Phosphorus  Ions  Analysis 


V.  1.8.1  Arsenic 


Instrumental  "Q"  Sartples 


• KSA 

Laboratory  I.D.  As 

WP284#2(20x)*  1^ 

WP284#2(20x)  101 

WP284#2(20x)  102 

WP284#2(20x)  100 

WP284#2(20x)  101 

WP284#2(20x)  94 

• Cilution  factor 

• SSR 

Laboratory  I.D.  As 

3#1STB7BS304  ~94 

3#1STB7BS322  93 

3#1STB7BS339  93 

3#1STB7BS364  92 

1#1STD90LS310  97 

• RSA 

Laboratory  I.D.  As 

R-Bray  S305  103 

R-Bray  S3 24  101 

R-Bray  S340  104 

R-Bray  S3 6 5 101 

R-Olsen  S323  97 


"Q"  Sanple 

Nos . Contents  As,  mg/L  of  extract 


Q1032  Bray  feagent  Blank  <0.073 

Q1033  Olsen  Reagent  Blank  <0.073 

Q1034  Field  Blank,  5ml.  of  S327  <0.073 

Q1035  1 ml.  lOC^pri  P to  S313(B)  0.108 

Q1036  1 ml.  lOt^pm  P to  S308(0)  0.124 

Q1037  Lab.  duplicate  (S410=S307)  0.444 

Q1038  ^lit  extract  of  S339(B)  2.98 

Q1039  Split  extract  of  S348(0)  0.076 

Q1040  3.5  ml.  lOOppm  P,  0.5  ml.  100 

ppn  As  and  32  ml.  S329(B).  4.63 

Q1041  4.5  ml.  of  lOOppm  P,  0.5  ml. 

lOC^pn  As  and  45  ml.  S348(0).  2.03 

Q1042  lab.  blank,  DI  HOH  <0.073 
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KSA  — see  instrumental  KSAs 


•SSR 

Q1040  = 105 
Q1041  = 176 


•RSA 

S308  and  Q1036  = 
S339  and  Q1038  = 

= 114 
= 101 

Lab  Replicate  Sanples 

Sarple  Nos . 

S305 

305R 

RSA 

As,  mg/L  of  extract 
0.564 
0.602 
97 

S3  24 
324R 
RSA 

2.87 

2.93 

99 

S340 

340R 

RSA 

0.770 

0.841 

96 

S323 
32  3R 
RSA 

1.54 

1.43 

104 

Field  rxiplicate  Sanples 

Sanple  Nos. 

S3  28 
329 
DSA 

As,  mg/L  of  extract 
4.73 
3.57 
114 

S343 

362 

DSA 

0.432 

0.427 

101 

S344 

363 

DSA 

<0.073 

<0.073 

S345 

364 

DSA 

4.48 

4.04 

105 

S346 

365 

DSA 

1.77 

2.76 

78 
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V.  1 . 8 . 2 Phosphorus 


Instrumental  "Q"  Sanples 

Calibration  curves  were  fitted  to  data  generated  from  use  of  known 
concentrations  of  P;  the  correlation  (r)  values  were  > 0.999. 


"0"  Sairple  Nos. 

Contents 

P,  mg/L 

01032 

Bray  Reagent  blank 

-0.086 

01033 

Olsen  Reagent  blank 

0.722 

01034 

Field  blank,  5ml.  of  S327 

-0.066 

01035 

1ml.  lOOppm  P to  5313(B) 

0.560 

01036 

1ml.  lOOppn  P to  5308(0) 

12.659 

01037 

Lab.  duplicate  (5410=5307) 

2.436 

01038 

5plit  extract  of  5339(B) 

9.867 

01039 

Split  extract  of  5348(0) 

0.782 

01040 

3.5  ml.  lOOppm  P,  0.5ml.  100 
ppm  As  and  32  ml.  5329(B) 

10.932 

01041 

4.5  ml.  lOOppti  P,  0.5ml.  100 
ppm  As  and  45  ml.  5348(0) 

10.009 

01042 

Lab.  blank,  DI  HOH 

-0.086 

• KSA — see 

instrumental  "0"  sanples  conmsnt 

•SSR 

01035=17 

01036=82 

01040=145 

01041=106 

•RSA 

S307  and  01037  = 101 
S339  and  01038  = 98 

S348  and  01039  = 89 


Lab.  Replicate  Sanples 


— 

Bray  Extract 

- Olsen 

Extract 

5airple  Nos 

. P,  yg/g  of  soil 

Sanple  Nos, 

p,  yg/g 

5324 

24.96 

53  09 

1.43 

324R 

36.51 

309R 

1.22 

R5A 

81 

RSA 

108 

5336 

27.12 

336R 

27.25 

RSA 

98 

5364 

25.12 

364R 

24.27 

RSA 

102 
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Field  Duplicate  Samples 


- Bray  Extrac± 


- Olsen  Extract 


P,  yg/g  of  soil 
2.248 
4.538 
66 

S343  20.59 

362  20.69 

DSA  100 


Sanple  Nos. 
S3  28 
329 
DSA 


P,  yg/g  of  soil 
23.55 
20.32 
107 


Sample  Nos, 
S3  44 
363 
DSA 


S345 

365 

DSA 


27.23 

25.12 

104 


S346 

365 

DSA 


20.39 

20.32 

100 


V.1.9  Nitrogen  (Water  Extractable) 


Instrumental  "Q"  Samples 

Calibration  curves  were  fitted  to  data  generated  from  use  of  kncwn  concentrations 
of  N;  the  correlation  (r)  values  were  > 0.9996. 


"Q"  Sample  Nos. 
Q1155 

Q1156 

Q1157 


Gbntents 

N,  mg/L 

0.25nl.  1000  ppi:i  N and  20 

43.1 

gms.  S335 

Reagent  Blank/  40  ml.  DI  water 

2.6 

Blind  split,  S410=S307 

14.1 

•KSA — see  instrumental  "Q"  Sanples  ccmment 


•SSR 

S301+.25Qyl.  1000  mg/LN  = 106 
S318+.25Qnl.  1000  mg/LN  = 101 


•RSA 

S307  and  Q1157  = 81 


Lab  Replicate  Samples 


See  above  RSA  value. 
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Field  Explicate  Sairples 


Sample  Nbs. 

N,  yg/g  of  soil 

Sample  Nbs. 

N,  yg/g  of  soil 

S3  28 

24.8 

S345 

14.6 

329 

3.2 

S364 

6.5 

DSA 

177 

DSA 

138 

S343 

1.2 

S346 

5.9 

362 

1.0 

S365 

3.3 

DSA 

109 

DSA 

128 

S344 

3.1 

363 

2.7 

DSA 

107 

V.1.10  Sulfate  Ion 
Instrumental  "Q"  Sanples 

The  calibration  curve  was  constructed  mnually,  using  concentrations  (mg/L)  as 

the  "x"  and  corresponding  absorbance  values  as  the  "y"*  Prior  to  analyzing  the 
unknowns,  a 25  mg/L  standard  read  25.8  mg/L;  this  yields  a KSA  of  103%. 

"Q"  Sairple  Nos.  Oontents  S04,mg/L 

Q1142  Reagent  Blank  0.0 

Q1143  20  ml.  100  ppm  std.  to  20  gms. 

of  S301  258 

Q1144  Split  extract  from  S364  <5 

Q1145  15  ml.  of  30  ppm  std.  to  10 

ml.  of  extract  frcm  S319  36.8 

Q1146  15  ml.  of  50  ppm  std.  to  10 

ml.  of  extract  frcm  S341  32.9 

Q1147  ^lit  extract  from  S344  21.1 

•KSA — see  instrumental  "Q"  ccxment 

•SSR 

01143=84 

01145=107 

01146=110 


•RSA 

01144=Not  determined  (both  values  <5  yg/g  soil) 
01147=97 


Lab  Replicate  Sanples 

Sample  Nos. 

S307 

410 

RSA 


S04  yg/g 

6750 

6250 

104 
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Field  Duplicate  Sanples 


Sample  Nos. 

SO4,  yg/g  of  soil 

Sample  Nbs. 

SO4,  ug/g  ( 

S328 

3420 

S345 

3790 

329 

70.3 

S3  64 

3240 

DSA 

196 

DSA 

108 

S343 

<5 

S346 

66.3 

362 

<5 

S365 

53.7 

DSA 

— 

DSA 

110 

S344 

22.6 

363 

13.2 

DSA 

126 

V.1.11  Total  Sulfur 
Instrumental  “Q"  Sanples 

The  absorbance  values  for  the  standards  were  entered  into  a third  order  regression 
(software)  program,  thus  generating  the  calibration  curve;  the  coefficient  of 
determination  (r^) =0.9987.  Concentration  values  for  the  urikncwns  were  interpolated 
fron  this  curve,  using  the  respective  absorbance  readings. 


"0"  Sample  Nos. 

Cbntents 

S04,mg/L 

01176 

Reagent  Blank,  4 gms.  of 

Eschka's  mixture 

4.38 

01177 

Blind  split,  S410  = S307 

66.27 

01178 

Estuarine  sediment,  1 gm. 

(NBS  SRM) 

235.76 

01179 

Split  extract  fron  S325 

8.64 

01180 

0.1  ml.  of  2500  mg/L  S04~^ 

+ 24.9  ml.  S343 

16.86 

•KSA 

01178=82 

•SSR 

01180=109 


•RSA 

S307  and  01177=101 
S3 2 5 and  01179=96 
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lab  Replicate  Sartples 


Sanple  Nos. 
S302 
30 2R 
RSA 


0.1280 

0.0924 

116 


S312 

312R 

RSA 


0.2450 

0.2167 

106 


S3  25 
325R 
RSA 


0.0330 

0.0232 

117 


S343 

343R 

RSA 


0.1000 

0.0162 

172 


Field  Duplicate  Saitples 


Sartple  Nos. 

%S 

Sample  Nos. 

%S 

S3  28 

0.2150 

S345 

0.2390 

329 

0.0580 

S3  64 

0.2200 

DSA 

158 

DSA 

104 

S343 

0.1000 

S3  46 

0.0330 

362 

0.0270 

S365 

0.0010 

DSA 

157 

DSA 

194 

S344  0.0200 

363  0.0040 

DSA  167 
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ATTACHMENT  V.2 


qa/qc  data  for  plant  materials 


V.2.1  Acid  Extractable  Heavy  Metals 


Instr~umental  "Q"  Sairples  (ICP) 


• KSA 

Laboratory  I.D.  Od 

Q916  m 

Q916  102 

Q916  103 

Q916  101 

• SSR 

Laboratory  I.D.  Od 

2#1STD6V057  94 

2#1STE8V063  99 

1#1STD9Q1056  97 

• RSA 

Laboratory  I.D.  Od 

R-V056  92 

R-V062  94 

R-Q1054  114 


Elements  ( % ) 


Cu 

Fe 

Mn 

Pb 

Zn 

100 

97 

98 

105 

102 

99 

96 

96 

104 

100 

96 

97 

97 

104 

98 

98 

101 

101 

108 

102 

Cu 

Fe 

Mn 

Pb 

Zn 

98 

94 

94 

89 

99 

103 

104 

101 

96 

105 

101 

97 

96 

109 

102 

Cu 

Fe 

Mn 

Pb 

Zn 

100 

101 

IW 

98 

102 

103 

103 

100 

<MDL* 

100 

98 

99 

98 

101 

101 

* MDL  = Method  Detection  Limit. 


Instrumental  "Q"  Sanples  (HG/AAS  for  As) 


• KSA 


Laboratory  ID 

As 

WS378#13 

95 

WS378#13 

100 

WS378#13 

101 

• SSR 

Laboratory  ID 

As 

S-V057 

90 

S-V063 

109 

S-Q1053 

100 

• RSA 

Laboratory  ID 

As 

r>V056(10x) 

96 

D-V066(2x) 

103 

D-Q1059  (2x) 

102 

* Dilution  factors. 
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Elements^ 


"Q"  Sairple 


Nos. 

Contents 

As 

Od 

Cu 

Fe 

Mn 

Pb 

Zn 

Q1051* 

Field  blank,  V064 

<0.0088 

<0.004 

<0.006 

3.06b 

0.015 

<0.090 

0.042 

Q1052* 

Reagent  blank 

<0.0088 

<0.004 

<0.006 

0.107b 

<0.007 

<0.090 

0.010 

Q1053 

0.1ml.  lOOOppn  Cu 
to  V054  digestate. 

0.953 

<0.2 

121 

111 

23.8 

77.5 

24.6 

Q1054 

NBS  Orchard  Leaves 
(OD) 

9.939 

0.208 

11.031 

377.77 

69.52 

29.56 

24.14 

Q1055 

NBS  Citrus  Leaves  (OD) 

3.382 

<MDLC 

15.59 

1008b 

20.04 

11.14 

25.03 

Q1056 

Blind  split  from  V068 

<0.440 

<0.2 

5.60 

112 

26.2 

<4.5 

23.2 

Q1057 

Split  digest  fron 
V052 

<0.440 

<0.2 

6.35 

46.8 

34.9 

<4.5 

29.4 

Q1058* 

Lab.  blank,  20  ml. 
DI  HOH 

<0.0088 

<0.004 

<0.006 

0.34lb 

<0.007 

<0.090 

<0.007 

Q1059 

NBS  Citrus  Leaves 
(OD) 

0.0695 

<0.2 

14.4 

72.5 

16.4 

11.0 

23.4 

Notes:  a)  Sanples  with  asterisks  (*)  are  in  mg/L,  vhile  others  are  in  ug/g. 

b)  Kncwn  contamination  (occurred  during  ashing) . 

c)  MDL  = Method  Detection  Limit. 


As 

Cd 

Q1054 

100 

131 

Q1055 

104 

— 

Q1059 

106 

— 

• SSR 

Q1053 


Elements  ( % ) 


Cu 

Fe 

Mn 

Pb 

Zn 

96 

111 

87 

79 

98 

97 

— 

93 

91 

93 

96 

92 

86 

93 

92 

91 

__ 

• RSA 

V068  and  Q1056 
VOS 2 and  Q1057 


107 

99 


146 

99 


105 

98 


100 

99 


Lab.  Implicates 

-See  above  RSA  values. 


Field  Duplicate  Samples 

Elements ( pg/g) 


Sample  Nos. 

As 

Od 

Cu 

Fe 

Mn 

Pb 

Zn 

V065 

1.894 

<0.2 

23.0 

191 

37.8 

46.7 

33.8 

V066 

2.746 

0.4 

9.15 

234 

43.6 

7.80 

33.4 

DSA 

82 

— 

143 

90 

93 

171 

101 

V.2-2 


V.2.2  Kjeldahl  Nitrogen 


Instrumental  "Q"  Sairples 

IVie  only  pertinent  sanple  was  the  HCl  titrant,  which  was  standardized  to 
0.0899  N using  O.IN  NaOH  solution. 


Q"  Sairple  Nos. 

Contents 

%N 

Q1133 

10  ml.  V064  (DI  water) 

0.000 

Q1134 

Reagent  Blank 

0.000 

Q1135 

0.5  ml  of  WP  284  #6  to  V052 

digestate 

1.94 

Q1136 

NBS  Orchard  Leaves  (#1) 

2.58 

Q1137 

Blind  split  fran  V068  (Q5) 

1.09 

Q1138 

Split  digest  from  V068 

1.41 

Q1139 

Lab.  blank,  10  ml.  DI  water 

0.000 

Q1140 

0.5  ml.  of  WP284#6  to  V051 

digestate 

2.59 

Q1141 

NBS  Orchard  Leaves  (#2) 

2.52 

• KSA 

Q1136  = 99 
Q1141  = 97 

• SSR 

Q1135  = 57 
Q1140  = 66 

• RSA 

Q1137  = 117 
Q1138  = 104 


Lab  Replicates 


-See  above  RSA  values 


Field  Duplicate  Samples 


Sample  Nos . %N 

V065  1.08 

V066  1.34 

DSA  89 


V.2-3 


nrnmm^  i - -v 


jjuywt"  _f^:i 

• ..^u  ".*,?»  #«3  >-■-  f:--^'  •■’ '•  ■..*•  WSp  I i r- 


.!  ''j.O  s •■'  ■*u  ■■  i"iF<r‘.0 

fC'i  'IW 

MUIO 

fiJtia 

at)jf(t7rt  HliO 

,.  U£  >. 

tu^ 

•l-”--'  rH  *IJ;i 


JUkSt 

r?  « ^liln 

^ ^ i,.^ 

^^1  » ru:: 


•’  ...  0^.  010 

r*L  >*♦■ 


V . 2 . 3 Phosphoru s 


Instrumental  "Q"  Sanples  (ICP) 


KSA 


Laboratory  I*D. 

P 

• 

15P;  1 Cu 

96 

15P;  1 Cu 

92 

• 

SSR 

Laboratory  I.D. 

P 

1;300;9V063 

113 

1;300;9V051 

75 

• 

RSA 

Laboratory  I.D. 

P 

R-V068 

104 

'Q"  Sanple  Nos. 

Contents 

Concentre 

Q1169* 

Field  Blank,  20  ml.  V064 

<0.158 

Q1170* 

Reagent  Blank 

<0.158 

Q1171 

5ml.  100  ppn  P to  V052  digestate 

1420 

Q1172 

NBS  Orchard  Leaves  (OD) 

1593 

Q1173 

NBS  Citrus  Leaves  (OD) 

1209 

Q1174 

Blind  split  frcm  V068  (Q5) 

1610 

Q1175 

Replicate  from  VO 5 2 

1340 

Note:  a)  Sairples  with  asterisks  (*)  are  in  mg/L,  while  others  are  in  yg/g. 


• KSA 

Q1172  = 76 
Q1173  = 93 

• SSR 

Q1171  = 93 

• RSA 

Q1174  = 115 
Q1175  = 105 
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Tab  Replicates 

-See  above  RSA  values. 


Field  Duplicate  Sairples 


Sairple  Nos. 


pg/g 


V065 

V066 

DSA 


1200 

1410 

92 


V.2.4  Sulfur 


Instrumental  "Q"  Sanples 

The  absorbance  values  for  the  standards  were  entered  into  a third  order  regression 
(software)  program,  thus  generating  the  calibration  curve;  the  coefficient  of 
determination  (r^)  = 0.9987.  Concentration  values  for  the  unknowns  were  interpolated 
fran  this  curve,  using  the  respective  absorbance  readings. 

"Q"  Sample  Nos.  Contents  SO4,  mg/L 

Q1181  Reagent  Blank,  4 gms.  of  Eschka's  mixture  5.03 

Q1182  0.1  ml.  2500  mg/L  SO4  + 24.9  ml.  V055  18.98 

Q1183  Citrus  Ijeaves  (NBS  SRM)  16.58 

Q1184  Blind  split,  "Q5"  = V068  18.20 

Q1185  ^lit  extract  from  V066  27.43 

Q1186  DI  water  blank  0.80 

Q1187  Citrus  Leaves  (NBS  SRM)  15.22 

• KSA 

Q1182  = 71 
Q1187  = 65 

• SSR 

Q1182  = 37 

• RSA 

V068  and  Q1184  = 38 
V066  and  Q1185  = 98 


Lab.  Replicates 

See  the  RSA  values, 

, above. 

Field  Explicates 

Sample  Nos. 

%S 

V065 

0.0929 

V066 

0.1066 

DSA 

93 

V.2-5 
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SILVER  BOW  CREEK  REMEDIAL  INVESTIGATION 
AGRICULTURE  INVESTIGATION 


ATTACHMENT  VI 

CRITERIA  USED  IN 
EVALUATING  THE  LABORATORY  DATA 


VI. 1 SOILS 

VI. 2 PLANT  MATERIALS 
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ATTACHMENT  VI. 1 
SOILS  CRITERIA 


HEAVY  METALS 


VI. 1.1  I^ble  4.5-7  of  the  Vfork  Plan  (MultiTech  and  Stiller 
and  Associates  1984a) 

TABLE  4.5-7.— ESTIMATED  RANGE  (FROM  LITERATURE  SEARCH) 
OF  VALUES  FOR  SELECTED  PARAMETERS  WITHIN  THE  SURFACE 
FOOT  OF  UNCULTIVATED  FLOODPLAIN- LOW  TERRACE  SOIL,  DEER 
LODGE  VALLEY,  MONTANA 


Category 

Parameter  ^ ^ ) 

Expected  Range  Elevated  Condition 

Non-elemental,  but 

pH 

6. 0-8.0 

<5.0,  >8.5 

plant  nutrient-related 

Redox  potential  (E^) 

250-500 

<100,  >600 

Vascular  plant  macro- 

Calcium  (Ca) 

65-850 

>10000 

nutrients^ 

Magnesium  (Mg) 

15-140 

>2000 

Total  Kjeldahl  Nitrogen 

(N)  0.06-0.6 

>1.5 

Phosphorus  (HPO^  ^) 

0. 2-2.0 

>3.0 

Potassium  (K) 

40-155 

>200 

Sulfur  (S0^~^) 

2-100 

>200 

Vascular  plant  micro- 

Boron  (B) 

0.5-4. 5 

>4.5 

nutrients^^) 

Cobalt  (Co) 

0.01-0.15 

>0.3 

Copper  (Cu) 

0. 1-5.0 

>10.0 

Iron  (Fe) 

5-15 

>25 

Manganese  (Mn) 

0.2-20 

>35 

Molybdenum  (Mo) 

0.01-0.30 

>1.0 

Zinc  (Zn) 

0.05-4.5 

>10 

Potentially  biohazardous 

Aluminum  (Al) 

200-2000 

>3500 

elements  (e.g.,  to 

Arsenic  (As) 

0.02-0.20 

>0.40 

vascular  plants) 

Cadmium  (Cd) 

0.005-0.15 

>0.20 

Chrcmium  (Cr) 

0.001-0.01 

>0.20 

Fluorine  (F“) 

0.05-2.50 

>2.50 

Lead  ( Pb ) 

0.01-3.5 

>5.0 

Mercury  (Hg) 

0.001-0.015 

>0.025 

Nickel  (Ni) 

0.02-0.50 

>0.75 

Selenium  (Se) 

0.005-0.50 

>0.50 

Vanadium  (V) 

0.01-0.30 

>1.0 

Notes:  (a)  pH  reported  in 

standard  units,  E^  in  millivolts  (corrected 

to  25 °C),  total 

micro-Kjeldahl  nitrogen  in  weight-percent,  and  all  other  parameters  in  ug/gm 
(ppn)  concentrations. 


(b)  "Plant-available"  estimates  from  -2  mm  mesh  soil  fraction,  using  sodium  diamine 
pentacetate  solution  or  in  ammonium  acetate  (pH  = 6)  solution. 

Sources:  Bohn  ^ al . 1979,  Brady  1974,  Berry  and  Wallace  1974,  Chaney  1983,  Dvorak 

et  al . 1978,  Garrels  and  Christ  1965,  Lewis  1978,  Lisk  1972,  Nortvedt  et  al. 

1972,  MultiTech  1984. 
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VI. 1.2 


Expected  (Geochemical  Background)  Levels, 
(1984)  


taken  from  Pend i as  and  Pendias 


CATEGORY 

ELEMENT  (TOTAL 

, PPM,  DRY  WEIGHT) 

As 

Fe 

Mn 

Pb 

Zn 

* Soils  formed 

15,000- 

on  volcanic 

2-25 

0.20-1.61 

10-150 

25,000 

600-2000 

10-45 

30-116 

rocks. 

(7) 

(-) 

(41) 

(-) 

(-) 

(22) 

(78) 

* Soils  formed 

on  granitic 

15,000- 

350-1250 

15-50 

20-125 

2-22 

0.20-2.0 

5-70 

25,000 

rocks. 

(8) 

(-) 

(27) 

(-) 

(-) 

(25) 

(66) 

Note:  (a)  Represent  probable  concentration  range  per  element,  with 

probable  average  value  given  in  parentheses,  if  known. 


VI. 1.3  Preliminary  Phytotoxicity  Criteria 

CATEGORY  ELEMENT  ( PPM ) ^ ® ^ 


As 

Fd 

Mn 

Total  (Dollhcpf  et  al. 
1986) (a) 

loo(b) 

loo(b) 

NG 

NG 

NG 

lOOO(c) 

500((^) 

Extractable  (Dollhopf 
et  1986)  (b,d) 

50(b) 

30(b) 

NG 

NG 

NG 

500(e) 

60(c) 

Extractable  (taken  from 
Table  2 in  Schafer  1979) 

NG 

>1 

>40 

NG 

>60 

>20 

>40 

Notes: 

(a)  The  phytotoxicity  data  referenced  by  Dollhopf  et  al^.  (1986)  may  not  be  directly 
applicable  to  the  SBC  site.  However,  they  were  used  because  the  E.  Helena 
Smelter  RI  study  was  the  nearest  CERCLA  site  where  such  assessment  criteria 
development  had  been  attempted.  Efforts  to  determine  phytotoxicity  based 

on  total  elemental  concentrations  are  rarely  successful.  VJhere  statistical 
relationships  between  total  and  plant  element  levels  have  been  established, 
great  care  must  t>e  taken  to  insure  that  the  relationship  is  only  interpreted 
for  the  geologic,  climatic,  and  edaphic  setting  where  it  was  developed. 

(b)  As  (^oted  fran  Dollhcpf  ^ (1986):  "Support  of  scientific  literature  allows 

a high  degree  of  confidence  that  this  value  will  adversely  affect  crop  yield  of 
most  species  under  all  soil  conditions". 

(c)  As  quoted  from  Dcllhopf  et  al.  (1986):  "It  is  probable  that  levels  in  excess  of 
this  value  will  result  in  reduced  crcp  yields,  but  scientific  literature  is 
relatively  less  conclusive". 

(d)  DTPA  extractant  used  for  Cd,  Pb,  and  Zn,  while  HCl  extractant  used  for  As. 

(e)  As  quoted  from  Etollhopf  et  al.  (1986):  "This  level  is  considered  safe.  Scientific 
literature  could  not  be  found  where  an  extractable  Pb  level  caused  a crop  yield 
reduction" . 
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AGRICULTURAL/RECLAMATIQN 


VI. 1.4  pH  (Brady  1974) 


Soil  Reaction:  The  degree  of  acidity  or 

pH  value. 

Extremely  acid 
Very  strongly  acid 
Strongly  acid 
Medium  acid 
Slightly  acid 
Neutral 

Mildly  alkaline 
Moderately  alkaline 
Strongly  alkaline 
Very  strongly  alkaline 


alkalinity  of  a soil,  usually  ej^ressed  as  a 


Belcw  4.5 

4. 5- 5.0 

5. 1- 5. 5 

5. 6- 6.0 

6. 1- 6. 5 

6. 6- 7. 3 

7. 4- 7. 8 
7. 9-8. 4 

8. 5- 9.0 
9.1  and 

higher 


VI . 1 . 5 Salinity  and  Sodicity  Hazards  (MSU  Cooperative  Extension 
Service,  undated) 


Soil  Condition  ESP SAR*  EC 

(%)  (mmhos/cm) 


Sodium  Hazard 

low  0-5  0-4  

medium  5-15  4-12  

high  >15  >12  

Salinity  Hazard 

None  0-2 

Slight  2-4 

Moderate  4-8 

High  8-16 

Very  High >16 


* Sodium  adsorption  ratio 
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VI. 1.6  Nitrogen y Potassium^  and  Phosphorus 


♦Nitrogen 

Parts  per  million  N was  converted  to  lbs. /acre  N using  the  follcwing  fonrula: 

lbs. /acre  N = ppn  N * sample  depth  (in.) 

3 

The  MSU  Fertilizer  Guides^  specific  to  the  crop  sampled  at  a given  site,  were  then 
consulted  to  assess  apparent  adequacy  of  the  nitrogen  value  measured. 


• Potassium 


Fating* 

2E1 

Very  Low 

0-75 

Low 

75-125 

Medium 

125-250 

High 

>250 

*Crop-specif ic  ratings,  presented  in  the  Fertilizer  Guides  were  also  consulted 
prior  to  arriving  at  the  conclusions  given  in  the  report. 


• Phosphorus 


Conparison  of  Olsen  and  Bray  phosphorus  soil  tests. 


Bray 

Olsen 

Rating 

ppn 

0-30 

0-8 

Very  Low 

30-50 

8-12 

Low 

50-75 

12-16 

Medium 

>75 

>16 

High 
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ATTACHMENT  VI . 2 
PLANT  MATERIALS  CRITERIA 


HEAVY  METALS 

VI. 2.1  Table  4.5-8  of  the  Work  Plan  (MultiTech  and  Stiller  and 
Associates  1984a) 

TABLE  4.5-8. — ESTIMATED  BACKGROUND  AND  ELEVATED  ELEMENTAL 
CONCENTRATIONS  IN  NATIVE  AND  CULTIVATED  VEGETATION  PRESENT  WITHIN 

THE  STUDY  AREA 

Element  " Background” ( ^ ^ " Elevated " ( ^ ^ 


Arsenic  (As) 

0.05  - 

1.5 

> 

2.5 

Beryllium  (Be) 

0.01  - 

0.10 

> 

0.25 

Boron  (B) 

3 - 

8 

> 

50 

Calcium  (Ca) 

1800  - 

36,000 

> 

45,000 

Cadmium  (Cd) 

0.01  - 

0.75 

> 

3.5 

Chromium  (Cr) 

0.05  - 

0.5 

> 

2.0 

Cobolt  (Co) 

0.02  - 

0 . 35 

> 

2 . 5 

Copper  (Cu) 

8 - 

16 

> 

20 

Fluorine  (F) 

1.5  - 

20 

> 

45 

Iron  (Fe) 

80  - 

240 

> 

350 

Lead  ( Pb ) 

0.5  - 

15 

> 

45 

Magnesium  (Mg) 

1200  - 

2000 

> 

4,000 

Manganese  (Mn) 

20  - 

50 

> 

500 

Mercury  ( Hg ) 

0.001- 

0.025 

> 

0.05 

Molybdenum  (Mo) 

0.5  - 

2.0 

> 

4 

Nickel  (Ni  ) 
Nitrogen  (N) 
Phosphorous  (P) 
Potassium  ( K ) 

0.1  - 
9600  - 
500  - 
7500  - 

4.0 

19 , 200 
3000 

25.000 

> 

1 1 1 
1 1 1 Ln 

o o o 

Selenium  ( Se ) 

0.005- 

0.5 

> 

3 

Sulfur  (S) 

1100  - 

2800 

> 

3,500 

Vanadium  (V) 

0.02  - 

0.85 

> 

2.5 

Zinc  ( Zn ) 

25  - 

50 

> 

150 

Note  : 

(a)  All  concentrations  given  in  yg/gm  (ppm),  air-dried  (<40°C) 
weight  for  aerial  portions  of  washed  plant  material  approaching 
maturity,  but  not  senescent.  No  particular  elemental  "accumulator" 
species  are  presumed  to  exist  within  the  study  area. 

(b)  "Elevated"  levels  do  not  represent  necessarily  concentrations 
toxic  to  animals  consuming  them;  rather,  they  represent  concentra- 
tions judged  to  be  unexpected,  given  the  present  understanding  of 
the  area's  soils,  geology,  climate,  etc. 

(c)  Available  data  was  insufficient  to  prepare  these  estimates. 

Sources:  Baker  and  Chesnin  1975,  Chaney  1983,  Chapman  1973,  Dvorak 

e t al . 1978  , MultiTech  and  Stiller  and  Associates  1984a, 
Siegel  1974,  Underwood  1977. 
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VI. 2. 2 Preliminary  Criteria  taken  from  Dollhopf  et  al.  (1986) 
CATEGORY  ELEMENT(PPM) 


As 

Cd 

Pb 

Zn 

Total,  Phytotoxic 

20(a) 

50  (a) 

200(a) 

500(b) 

Maximum  for  Forage 

50 

0.5 

30 

500 

Notes:  (a)  As  quoted  from  Dollhopf  ejt  aJ^.  ( 1986):  "Support  of 

scientific  literature  allows  a high  degree  of  confidence 
that  this  value  will  adversely  affect  crop  yield  of  most 
species  under  all  soil  conditions". 

(b)  As  quoted  from  Dollhopf  (1986):  "Scientific 

literature  supports  this  value  as  safe  for  most  species 
under  most  soil  conditions". 

(c)  Taken  from  the  National  Research  Council's  1980  publication 
entitled  Mineral  Tolerance  of,  Domestic  Animals. 
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TABLE  4.5-10. 

—TRACE  ELEMENTS  IN 

LIVESTOCK  EVALUATION  CRITERIA 

(CONTINUED) 

PART  B. 

DIETARY  AND 

DOSAGE  INFORMATION 

Element 

Livestock 

Concentration  (Range) 

Ttoxic 

Acute 

Dosage 

Chronic 

Species 

Diet  Type^^) 

in  Diet  (ppm)(°) 

(mg/kg ) 

(mg/kg-day) 

Arsenic 

Cattle 

Normal 

-0.25 

N/A® 

N/A(e) 

Toxic 

>350 

750 

7.5-10 

Horses 

Normal 

U(c) 

N/A 

N/A 

Toxic 

>200 

~650 

3. 3-5. 5 

Sheep 

Normal 

U 

N/A 

N/A 

Toxic 

10-1000 

11-220 

U 

Cadmium 

Cattle 

Normal 

0.01-0.5 

N/A 

N/A 

High 

5.0 

N/A 

N/A 

Toxic 

- 

— 

• acute 

2000-3000 

U 

N/A 

9 chronic 

50-500 

N/A 

UOlO?) 

Horses 

Nomal 

U 

N/A 

N/A 

Toxic 

U 

U 

U 

Sheep 

Normal 

<0.5 

N/A 

N/A 

High 

5.0 

N/A 

N/A 

Toxic 

50-500 

U 

U 

Copper 

Cattle 

Normal 

10-50 

N/A 

N/A 

Toxic 

>115 

40-800 

~3.5 

Horses 

Normal 

U 

N/A 

N/A 

Toxic 

800 

U 

U 

Sheep 

Normal 

5-10 

N/A 

N/A 

Toxic 

>10 

20-50 

>3 

Lead 

Cattle 

Normal 

5-15 

N/A 

N/A 

Toxic 

5-300 

200-800 

3-5 

Horses 

Normal 

1-30 

N/A 

N/A 

Toxic 

80-1000 

900 

2.4-7 

Sheep 

Normal 

<1-3 

N/A 

N/A 

Toxic 

5-300 

20-80 

0.3-3 

Molybdenum  Cattle 

Normal 

0.5-3. 5 

N/A 

N/A 

Toxic 

5-6  (Cu=8-ll) 

<2:1  Cu;Mo  2. 1-3,1  (Cu; 

Sheep; 

10-12,  where  Cu=8- 

■11) 
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TABLE  4.5-10.— TRACE  ELEMENTS  IN  LIVESTOCK  EVALUATION  CRITERIA  (CONTINUED) 


PART  B. 

DIETARY  AND 

DOSAGE  INFORMATION 

Livestock 

Toxic 

Dosage 

Concentration  (Range) 
in  Diet  (pptn)^°^ 

Acute 

Chronic 

ElejTient 

Species 

Diet  Type 

(mg/kg ) 

(mg/kg-day ) 

Zinc 

Cattle 

Normal 

50-100 

N/A 

N/A 

High 

1000-5000 

N/A 

N/A 

Toxic 

>5000 

20000 

U 

Horses 

Normal 

40-100 

N/A 

N/A 

High 

U 

N/A 

N/A 

Toxic 

3600 

>90 

<60 

Sheep 

Normal 

50-100 

N/A 

N/A 

High 

800-1000 

N/A 

N/A 

Toxic 

2000 

180 

20 

Notes:  (b)  Diet  type  defined  as  follows:  "Normal"  is  used  where  deficiencies  are 

unknown,  and  indicates  generally  accepted  background  concentrations  (of  a 
given  element) . "High"  refers  to  element  levels  that  are  elevated  well 
above  normal,  but  which  are  not  necessarily  toxic.  "Toxic"  is  used  for  those 
elemental  concentrations  at  which  subclinical,  clinical,  or  pathological 
signs  of  toxicity  would  be  expected  to  occur  (Puls  1981). 

(c)  "U"  designates  a value  either  unavailable  at  the  time  of  corpiling  the 

literature,  or  which  is  presently  unknown. 

(d)  Dietary  levels  are  presented  on  a dry  weight  basis. 

(e)  "N/A"  means  not  applicable. 

Sources:  Bartik  and  Piskac  1981,  Clarke  ^ al . 1981,  Lewis  1972,  Lillie  1972, 

Parada  1981,  Penumarthy  et  al.  1980,  Puls  1981,  Underwood  1977. 
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SILVER  BOW  CREEK  REMEDIAL  INVESTIGATION 
AGRICULTURE  INVESTIGATION 


ATTACHMENT  VII 

pH-Eh  STAB 

ILITY  DIAGRAMS 

VII . 1 

= 

As/P 

VII-  2 

= 

Cd 

VII . 3 

= 

Cu 

VII  .4 

= 

Fe/S 

VII . 5 

= 

Mn 

VII  . 6 

= 

Pb 

VII . 7 

= 

Zn 

MultiTech 
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ATTACHMENT  VII 


INTRODUCTION 

The  probable  chemical  speciation  of  each  heavy  metal  was  assessed 
by  constructing  the  following  pH-Eh  stability  diagrams.  This  effort 
utilized  the  Agriculture  Investigation's  pH  data  and  Tetra  Tech's 
(1985)  Eh  data.  The  latter  information  fell  within  the  expected 
range  for  moist  soils  in  the  Deer  Lodge  Valley  (Becking  et  al . 
1960),  so  independent  measurement  for  this  parameter  was  judged 
unnecessary . 

The  following  assumptions  also  were  made:  (1)  a CO2  concentration 
gradient  ranging  from  normal  atmospheric  conditions  ( lO"'^  • ^atm . ) to 
a soil  solution  essentially  saturated  ( 10”^  * "^atm . ) with  CO2;  (2) 
constant  temperature  and  pressure  of  25°C  and  1 atm.;  (3)  total 
dissolved  carbonate  concentration  of  600  ppm  and  total  dissolved 
sulfur  activity  ranging  from  10~^  to  10“^;  and  (4)  dissolved  manganese 
concentrations  ranging  from  10“^  to  10“^M. 

The  three  major  technical  references  utilized  to  construct  these 
diagrams  are  those  by  Garrels  and  Christ  (1965),  Schmitt  (1962), 
and  Brady  (1974). 
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ATTACHMENT  Vll-I  STABILITY  DIAGRAMS  FOR  ARSENIC  AND  PHOSPHORUS 
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ATTACHMENT  VII-2  STABILITY  DIAGRAM  FOR  CADMIUM 
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ATTACHMENT  VII-3  STABILITY  DIAGRAM  FOR  COPPER 
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ATTACHMENT  VII-4  STABILITY  DIAGRAMS  FOR  IRON  AND  SULFUR 
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ATTACHMENT  VII- 5 STABILITY  DIAGRAM  FOR  MANGANESE 
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ATTACHMENT  VII-6  STABILITY  DIAGRAM  FOR  LEAD 


T 


I 


700 


o 

O 

O 

O 

O 

o 

o 

o 

o 

o 

o 

O 

O 

o 

O 

o 

o 

o 

o 

CD 

ID 

ro 

OJ 

OJ 

rO 

o 

0 

1 


s 


VII-8 


ATTACHMENT  VII-7  STABILITY  DIAGRAM  FOR  ZINC 
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VIII  .1 
VIII . 2 
VIII  .3 
VIII . 4 
VIII  .5 
VIII  .6 


SILVER  BOW  CREEK  REMEDIAL  INVESTIGATION 
AGRICULTURE  INVESTIGATION 


ATTACHMENT  VIII 

SITE  SOIL  PROFILE  DESCRIPTION 
(IN  DOWNSTREAM  ORDER) 


THURMOND'S  SITES;  AlO  and  All 

KONDA'S  SITES:  Al , K2 , and  A3 

PETERSON'S  SITES;  T12,  T13,  T14,  T15,  T16 

SPANGLER'S  SITES;  A6  and  A7 

FORSEN'S  SITES;  A12  and  A13 

DUTTON'S  SITE:  A9 


and  T17 
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VIII.  1 THURMOND'S  SITES:  AlO  and  All 


General  Description 


One  "upgradient : downgradient " sampling  pair  was  utilized;  the  re- 
spective field  identification  numbers  are  AlO  and  All.  Site  AlO, 
upper  pasture,  is  located  in  the  SE  1/4  NE  1/4  SE  1/4  NW  1/4  quarter 
of  Section  20,  T3NR8W  in  Silver  Bow  County.  Site  All,  lower  pas- 
ture, is  located  approximately  30  ft  east  of  Silver  Bow  Creek  in 
the  NW  1/4  SW  1/4  NE  1/4  NW  1/4  quarter  of  the  above  section.  The  two 
sites  are  shown  in  Map  3-1  in  the  text.  Published  aerial  coverage 
for  sites  AlO  and  All  can  be  found  in  the  USGS  orthophotoquadrangle 
sheets  entitled  "Butte  South,  Mont."  (1977)  and  "Ramsay,  Mont." 
(1977),  respectively. 

Site  AlO 


Site  AlO  is  situated  midslope  on  a moderately  sloping  (8%),  north 
facing  alluvial  fan  at  approximately  5450  ft.  elevation  (mean  sea 
level--msl).  Annual  precipitation  is  approximately  12  in.,  while 
the  site's  frost-free  season  probably  ranges  from  70  to  90  days  per 
year  (USDA  1979,  maps  V-1,  V-2).  Site  drainage  is  well  to  exces- 
sive, permeability  is  medium,  and  existing  erosion  condition  is 
moderate.  The  site's  perennial  vegetation  (including  Trifolium, 
Poa  and  Bromus  spp . ) is  irrigated  from  a well,  and  is  used  for 
livestock  forage. 
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The  probable  soil  series  is  "Tally,  cool  variant"  and  is  classified 
taxonomically  as  being  a coarse-loamy,  mixed  Typic  Haploboroll  (USDA 
1975).  Dr.  Schafer  determined  this  classification  by  comparing 
field  observations  against  data  found  in  both  the  unpublished  soils 
mapping  legend  for  the  Deer  Lodge  Valley  (USDA  SCS  1984)  and  pub- 
lished series  description  sheet.  This  classification  process  was 
utilized  at  all  Phase  One  sampling  sites.  The  Al  horizon  sampled 
is  described  in  VIII-1. 


The  soil's  geologic  parent  material  was 
other  of  the  Phase  One  sites.  However, 
vial  and  lacustrine  deposits,  including 
materials,  of  Tertiary  age  (Smedes  1967, 


not  sampled  here  or  at  any 
the  probable  type  is  allu- 
volcanic  ash  and  mudflow 
1968  ) . 


Site  All 

- - ■ — 


Site  All  is  situated  on  a gently  sloping  (2%),  west-northwest 
facing  alluvial  terrace  at  approximately  5370  ft.  elevation  (msl). 
Site  drainage  is  poor,  permeability  is  slow  to  medium,  and  erosion 
condition  is  moderate.  The  site's  perennial  vegetation  is  irrigated 
using  water  pumped  from  Silver  Bow  Creek;  land  use  is  pasture  for 
cattle . 


Although  no  soil  series  could  be  determined  from  the  unpublished 
legend,  it  was  classified  taxonomically  as  being  a coarse-loamy, 
mixed  Typic  Fluvaquent  (USDA  1975).  The  ACl  horizon  sampled  is 
described  in  Table  VIII-2.  This  horizon  included  an  admixture  of 
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mill  tailings  and  materials  of  alluvial  origin 


This  horizon  over- 


lay flood-reworked  sediments  that 
sand  and  pockets  of  what  appeared 
of  sampling  (6/27/85),  depth  to  wa 


included 

silt 

lenses , 

gravelly 

to 

be  rai 

Iroad 

ballast . 

At  time 

ter 

table 

was  17 

inches . 
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TABLE  VII I-l 
AlO 

SITE  DESCRIPTION 


SOIL  SERIES: 

TALLY (COOL)  -ASffiTE  NUMBER: 

57 

COUNTY  : SILVER  BOW 

TAXON  : 

COARSE -LOAMY , MIXED  TYPIC 

HAPLOBOROLLS 

( 135D) 

LOCATION  : 

THURMOND  UPPER  PASTURE 

SE  1/4,  NE  1/4,  SE  1/4,  NW  1/4  SECTION  20  T3N  R8W 


DATE 

MATERIAL 

DRAINAGE 

POSITION 


06/27/85  1220  ELEVATION 
crystl.  alluv. VEGETATION 


5450F  166  1MPRECIP 


11.8  IN  299. 7MM 


:peren.  forage  LAND  USE : irr igated  hay 


well  to  excessPERMEABILITY :medium 


midslope 


LANDFORM 


ralluvial  fan 


EROSION 

NUM.HOR. 


: moderate 
; 1 


SLOPE 

: 8% 

4.5  D ASPECT 

:N 

PROFILE 

DESCRIPTION 

DEPTH 

COLOR 

CF 

STR 

CONS 

RT 

PR 

HOR. 

NO. 

(IN) 

MOIST  DRY 

TEXT  % 

gsk 

dmsp 

asl 

ask 

pH  EFF 

BND 

A1 

105 

0-  5 

lOYR  3/4  lOYR  5/4 

1 2 

243 

3323 

542 

1 1 1 

0.0  1 

2 1 

COMMENTS 


CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = moist , dry , St icky ,plast ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , size , kind  EFF  =ef fervesence  BND  =boundary  th ickness , shape 

SITE: 


HORIZON: 
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TABLE  VIII-2 
All 


SITE  DESCRIPTION 


SOIL  SERIES 

TAXON 

LOCATION 


(All)  SITE  NUMBER:  58  COUNTY  : 

COARSE-LOAMY,  MIXED  TYPIC  FLUVAQUENTS 
THURMOND  LOWER  PASTURE  30  FEET  EAST  OF  SBC. 

NW  1/4,  SW  1/4,  NE  1/4,  NW  1/4  SECTION  20  T3N  R8W 


SILVER  BOW 


DATE 

MATERIAL 

DRAINAGE 

POSITION 


06/27/85  1309  ELEVATION  : 5370F  1636M  PRECIP  : 1 1 . 7 IN  29 7 . 2MM 

tailings  VEGETATION  :peren.  forage  LAND  USE: pasture 

poor  PERMEABILITY : slow  to  mediumEROSION  :moderate 

level  slope  LANDFORM  : terrace  NUM.HOR. : 1 


SLOPE 

: 2%  1 .2  D ASPECT 

:WNW 

PROFILE 

DESCRIPTION 

HOR. 

NO. 

DEPTH  COLOR 

(IN)  MOIST  DRY 

CF 

TEXT  % 

STR 

gsk 

CONS 

dmsp 

RT  PR 
asl  ask 

pH  EFF  BND 

AC  1 

106 

0-  9 lOYR  4/3  lOYR  5/4 

fsi  0 

223 

2222 

54  2 111 

7.01  11 

COMMENTS 


CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = moist , dry , s t icky , plast ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , size, kind  EFF  =ef fervesence  BND  =boundary  thickness , shape 

SITE: 

NINE  INCHES  TAILINGS  OVER  FLOOD  DEPOSITS. 

WATER  TABLE  AT  17  INCHES. 

HORIZON: 

AC  1 : STRATIFIED  WITH  7.5  YR  3/6  AND  N/6  MATERIAL. 
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VI I I. 2 KONDA'S  SITES:  A1 , hi,  and  A3 


General  Description 


Three  sites,  identified  as  A1  through  A3,  were  sampled  within 
Konda ' s field.  Based  on  site  reconnaissance,  these  sites  appear  to 
represent  a "contamination  gradient" . This  gradient  ranged  from 
the  relatively  uncontaminated  upland  (Al)  site  to  the  apparently 
contaminated  flood  channel  (A3)  site.  Sites  Al  and  hi,  situated 
above  and  below  the  inactive  Miles  Ditch,  respectively,  are  both 
located  in  the  SW  1/4  NW  1/4  SW  1/4  NW  1/4  quarter  of  Section  16, 
T3lNiR9W  in  Silver  Bow  County.  Site  A3  is  located  in  the  SE  1/4  SVv 
1/4  SW  1/4  NW  1/4  quarter  of  the  above  section.  All  three  sites 
are  shown  in  Map  3-2.  Published  aerial  coverage  for  these  sites 
can  be  found  in  the  USGS  orthophotoquadrangle  sheet  entitled 
"Ramsay,  Mont."  (1977). 

Site  Al 


Site  Al  is  located  on  a gently  sloping  (2%),  south-southwest  facing 
footslope  of  an  alluvial  fan  at  approximately  5280  ft.  elevation 
(msl).  The  site  is  located  adjacent  to  foothills  (or  out-crops)  of 
volcanic  origin,  probably  representing  the  Lowland  Creek  Formation 
of  late  Tertiary  age.  Annual  precipitation  is  approximately  12 
in.,  while  the  frost-free  season  probably  ranges  from  70  to  90  days 
per  year  (USDA  1979,  Maps  V-1,  V-2).  The  well-drained  site  exhi- 
bits medium  permeability  and  is  slightly  eroded.  The  vegetation 
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present  is  representative  of  shallow,  saline,  rangeland  sites 
observed  also  in  the  Deer  Lodge  Valley  (Ross  and  Hunter  1976).  The 
predominant  uses  of  these  subirrigated  lands  is  forage  production 
and  livestock  grazing. 

The  probable  soil  series  is  "Straw,  cool  variant"  and  is  classified 
taxonomically  as  being  a fine-loamy,  mixed  Cumulic  Haploboroll  (USDA 
1975).  The  profile  description,  prepared  by  Dr.  Schafer,  is  found 
as  Table  VlII-3.  The  probable  geologic  parent  material  is  Quater- 
nary-aged alluvium  (Smedes  1968) . 

Site  A2 


Site  A2  is  located  on  a nearly  level  (1%),  south-southwest  facing 
footslope  of  an  alluvial  fan  at  approximately  5280  ft  elevation. 
Site  drainage  is  moderate,  permeability  is  medium,  and  the  present 
erosion  condition  is  slight.  The  predominance  of  sedge  (Carex ) and 
rush  ( Juncus ) species  indicates  a wetland/subirrigated  range  site 
(Ross  and  Hunter  1976).  Land  use  is  subirrigated  hay  for  livestock 
consumption . 

Soil  taxonomy  is  the  same  as  for  site  A1 . The  A1  horizon  sampled 
is  described  in  Table  VIII-4.  The  probable  geologic  parent  materi- 
al is  Quaternary  alluvium  (Smedes  1968). 
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Site  A3 


Site  A3  is  located  on  level  ground  within  an  historic  flood  channel. 
Site  drainage  is  poor  to  moderate,  permeability  is  medium,  and  the 
present  erosion  condition  is  moderate.  Salt  efflorescence  (on  the 
soil  surface)  was  common,  and  vegetative  cover  was  about  50  percent. 
The  chlorotic  stands  of  Carex  sp.  and  Basin  wildrye  (Elymus  cinereus) 
sampled  were  located  within  and  adjacent  to  these  salt-affected 
areas . 

The  soil's  taxonomic  classification  was  not  determined  to  the  series 
level;  however,  it  was  identified  as  being  a fine-loamy,  mixed  Typic 
Haplaquoll  (USDA  1975) . The  profile  description  is  given  in  Table 
VIII-5.  Sandy,  rust-colored  mill  tailings  were  observed  commonly 
throughout  the  C2  (15-30  in.)  horizon.  The  water  table  was  encount- 
ered at  a depth  of  43  in.,  near  the  base  of  the  buried  A (IIAl) 
horizon . 
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TABLE  VIII-3 
A1 

SITi.  DESCRIPTION 


SOIL 

SERIES 

STRAW (COOL) 

- SITE  NUMBER: 

51 

COUNTY  : 

SILVER 

BOW 

TAXON 

FINE-LOAMY 

MIXED  CUMULIC  HAPLOBOROLLS 

(25B) 

LOCATION 

NW  CORNER  OF  KONDA  PASTURE 

SW  1/4, NW  1 

/4,  1/4,  liW 

1/4  SECTION 

16,  T5N  R9W 

DATE 

06/27/85  15 

15  ELEVATION 

: 5280F 

1609M  PRECIP  : 

11.3  IN 

287. OMM 

MATERIAL 

crystl.  al luv . VEGETATION 

: peren . 

forage  LAND  USE:subirr. 

hay 

DRAINAGE 

well 

PERMEABILITY 

: medium 

EROSION  : slight 

POSITION 

footslope 

LANDFORM 

:alluvial  fan  NUT'i.HOR.  : 

3 

SLOPE 

2%  1 .2  D 

ASPECT 

:3SW 

PROFILE  DESCRIPTION 

DEPTH 

COLOR 

CF 

STR 

CONS  RT  PR 

HOR. 

NO. 

(IN)  MOIST 

DRY 

TEXT  % 

gsk 

dmsp  asl  ask 

pH  EFF  BND 

Al 

107 

0-  12  lOYR 

3/2  lOYR  4/2 

1 1 

244 

3323  762  342 

0.0  1 

31 

B2 

108 

12-  22  lOYR 

3/3  lOYR  5/3 

fsl  0 

254 

2322  762  232 

0.0 

2 1 

C I 

109 

22-  28  lOYR 

4/3  lOYR  6/3 

si  1 

1 1 1 

2211  552  111 

0.0  1 

66 

COMMENTS 

CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = mois t , dry , s t icky , plas t ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , s ize , kind  EFF  =ef fervesence  END  =boundary  thickness , shape 


SITE: 

LOCATED  JUST  ABOVE  MILES  DITCH  BELOW  VOLCANIC  OUTCROP 
HORIZON: 

Al:  RECENT  DEPOSIT  FROM  0 TO  4 INCHES,  DARK  Al  4-12  INCHES 
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TABLE  VTII-4 
A2 

SITE  DESCkIPTION 


SOIL  SERIES 

TAXON 

LOCATION 


STRAW (COOL)  - SITE  NUMBER:  52  COUNTY 

FINE-LOAMY  MIXED  CUIIULIC  HAPLOBOROLLS  (25B) 

N-W  CORNER  OF  KONDA  PASTURE 

SW  1/4,  NW  1/4,  SW  1/4,  NW  1/4  SECTION  16  T3N  R9W 


: SILVER  BOW 


DATE 

MATERIAL 

DRAINAGE 

POSITION 


06/27/85  1540  ELEVATION  : 5280F  1609M  PRECIP  : 1 1 . 3 IN  287. OMM 

crystl.  alluv. VEGETATION  :sedge  & rush  LAND  USErsubirr.  hay 


moderate  PERMEABILITY rmedium 

footslope  LANDFORM  :alluvial  fan 


EROSION  : slight 
NUM.HOR.:  1 


SLOPE 

1% 

0.6  D 

ASPECT  :SSW 

PROFILE  DESCRIPTION 

DEPTH 

COLOR 

CF  STR 

CONS 

RT 

PR 

HOR.  NO. 

(IN) 

MOIST 

DRY 

TEXT 

% gsk 

dmsp 

as  1 

ask 

pH  EFF 

BND 

Al  110 

0-  6 

lOYR  3/2 

lOYR 

4/2  1 

1 344 

3323 

772 

242 

0.0  1 

66 

COMMENTS 

CF  = coarse 

fragment  (%) 

STR  = 

structure 

grade. 

size. 

and 

kind 

CONS  = moist , dry , sticky, plastic  consistence  RT  = root  amount,  size,  location 
PR  =pore  amount , s ize , kind  EFF  =e f fervesence  BND  =boundary  thickness , shape 


SITE: 

JUST  BELOW  MILES  DITCH  PAIRED  WITH  SITE  Al 

HORIZON: 

A 1 : HIGH  OM  % 
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TABLE  VIII-5 
A3 

SITE  DESCRIPTION 


SOIL  SERIES 

(A3) 

SITE  NUMBER: 

53 

COUNTY  : 

SILVER  BOW 

TAXON 

FINE-LOAIIY,  MIXED  TYPIC  HAPLAQUOLL 

( 1 lA) 

LOCATION 

SW  END  OF  KONDA  FIELD  ALONG  RAILROAD  TRACKS 

SE  1/4,  SW  1/4 

, SW  1/4,  NW 

1/4 

SECTION 

16  T3N  R9W 

DATE 

06/27/85  1625 

ELEVATION 

: 5260F 

1603M  PRECIP  : 

11.3  IN 

287.0MM 

MATERIAL 

al luvium 

VEGETATION 

:sedge  & 

rush 

LAND  USE: 

disturbed 

land 

DRAINAGE 

poor  to  T.od  - 

PEPilEABILITY 

:medi 

um 

EROSION  : 

moderate 

POSITION 

level  slope 

LANDFORM 

: f loodpi 

am 

NUH.HOR. : 

SLOPE 

U%  0.  D 

ABPEoT 

1 

PROFILE  D 

ESCRIPIlOw 

DEPTH  COLOR 

CF 

STR 

CO^''S 

R'  PR 

HOR . NO . 

(IN)  MOIST 

DRY 

TEXT 

% 

c'sk 

^•ms.' 

as!  ask  pH  TFF 

-ND 

Cl  111 

0-  1'^  7.5YR3/6 

7.5YR5/6 

1 

0 

254 

4323 

742  1 1 

1 8.0  1 

5 1 

C2  1 12 

15-  30  7.5YR3/6 

7. 5YR5/6 

1 

0 

254 

4323 

542  1 1 

1 8.0  1 

21 

IIAI  113 

15-  46  lOYR  3/2 

lOYR  4/2 

s il 

0 

1 1 1 

4323 

442  1 1 

1 8.0  1 

31 

COMl^ENTS 

CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = moist , dry , s t icky , plast ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , s ize , kind  EFF  =ef fervesence  END  =boundary  thickness , shape 


SITE: 

SALT  EFFLORESCENCE  ON  SURFACE  WITH  505  BARE  GROUND 
HORIZON: 

C2:  COMi’ION  INCLUSIONS  OF  SANDY  RUST-COLORED  TAILINGS 
IIAi:  WATER  TABLE  AT  43  INCHES,  SAND  BELOW  45  INCHES. 


VIII. 2-6 


wfifi 


• * ,M  * < 


* ^ # 
JlC'i 
♦»(-  .^T 


*fAC 
^ tT'J4 

1 " . i.'i(T 

. , I * •< 

i‘i.  I , . “ 


J I 

•> 

» • r 


: ... t I ■ 

■s  ..t  94  ••  ! - \ / 

* - *•'..■ 

• » H '‘  ' u i • M • 


iv  - « 

I*  40  r«M^ 


frvrf  > 

^1*  ^41*  ' 


M -j: 

ta  4j4LM  ftxti  < 


VI 1 1. 3 PETERSON'S  SITES: 


T12,  T13,  T14,  T15,  T16  AND  T17 


General  Description 


Three  site  pairs  relevant  to  both  the  tailings  and  agricultural  RI 
studies  were  sampled  at  Peterson's.  The  locations  are  as  follows: 

• T12  (upgradient)  : T13  ( downgr adient ) pair  situated  in  the  SW 

1/4  and  SE  1/4  tracts,  respectively,  of  the  SE  1/4  SE  1/4  SE 
1/4  quarter  of  Section  35,  T4NR10W,  Silver  Bow  Co.; 

T14  (upgradient):  T15  ( downgradient ) pair  situated  in  the  SW 

1/4  and  SE  1/4  tracts,  respectively,  of  the  NE  l/4  SE  1/4 
NW  1/4  quarter  of  Section  35,  T4NR10W,  Deer  Lodge  Co.;  and 

n T17  (upgradient):  T16  (downgradient)  pair  situated  in  the  SW 

1/4  and  NE  1/4  tracts  respectively,  of  the  NW  1/4  NW  1/4  NE  1/4 
quarter  of  Section  35,  T4NR10W,  Deer  Lodge  Co. 

These  site  pairs  are  shown  in  Map  3-3.  Published  aerial  coverage 
can  be  found  in  the  USGS  orthophotoquadrangle  sheet  entitled, 
"Opportunity,  Mont."  (1977). 

T12:T13  Pair 

Both  of  these  sites  are  situated  on  a gently  sloping  (1%),  north- 
facing footslope  of  a low  alluvial  terrace  at  approximately  5100 
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ft  elevation  (msl).  Annual  precipitation  ranges  from  12  to  14 
in.,  while  the  frost-free  season  probably  varies  from  70  to  90 
days  (USDA  1979;  Maps  V-1,  V-2).  Site  T12's  drainage  is  poor  to 
moderate,  permeability  is  slow,  and  present  erosion  (condition)  is 
nil.  For  site  T13,  drainage  is  poor,  permeability  is  medium  and 
the  erosion  condition  is  severe.  The  predominance  of  sedge  (Carex) 
and  rush  ( Juncus ) species  at  site  T12  indicates  a wetland/subirri- 
gated range  site  (Ross  and  Hunter  1976).  Land  use  is  for  pasture. 
At  site  T13,  vegetative  cover  was  less  than  5%;  scattered  stands  of 
sedge  and  rush  species  occurred  on  slightly  elevated  ground  (rela- 
tive to  the  denuded,  eroding  areas). 

Soils ' taxonomic  classification  was  not  determined  to  the  series 
level  at  either  site.  However,  they  belong  to  the  clayey-over- 
sandy,  mixed  Aridic  Argiboroll  subgroup  (USDA  1975).  The  profile 
descriptions  for  sites  T12  and  T13  are  found  as  Tables  VIII-6  and 
VIII-7,  respectively.  The  probable  geologic  parent  material  (at 
both  sites)  is  alluvium  of  Quaternary  age  (Alt  and  Hyndman  1976). 

T14:T15  Pair 

Site  T14  is  situated  on  a gently  sloping  (4%),  southeast  facing 
footslope  of  an  alluvial  fan  at  approximately  5080  ft  elevation. 
The  site  is  well  drained,  permeability  is  medium  to  rapid,  and 
erosion  condition  is  severe.  Land  use  was  irrigated  alfalfa  hay 
production.  Although  an  "upgradient"  site,  evidence  of  an  old 
lateral  channel  from  the  Yellow  Ditch  was  found  slightly  uphill 
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from  the  sampling  site.  A veneer  of  small  gravel  and  coarse  granitic 
sand,  plus  acid  accumulation  (denuded)  spots  were  present  alongside 
the  lateral  channel;  these  materials  could  represent  overflow  from 
this  old  channel.  Alfalfa  production  appeared  to  oe  poor  where 
Scimpled,  with  existing  plants  not  nodulating. 


The  soil  series  was  identified 
Aridic  Haploboroll  (USDA  1975). 
horizon  sampled  is  presented  in 


as  "Anaconda",  a fine-loamy,  mixed 
A description  of  rhe  A1  (0-4  in.j 
Table  VIII-&. 


Site  T15  is  located  on  a gently  sloping  (3%)  northwest  facing  foot- 
slope  of  an  alluvial  fan  at  approximately  5080  ft.  elevation.  Site 
drainage  is  poor  to  moderate,  permeability  is  slow-to-medium  and 
present  erosion  condition  is  moderate.  Land  use  was  irrigated  oats 
production. 

Those  plants  situated  along  the  margin  of  the  swaxe  iw'nerein  soils 
were  sampled)  were  stunted  and  had  yeilow-tipped  leaves  with  green 
veins.  Such  chlorosis  hypothetically  is  a result  of  Zn  induced 
Cu-def iciency . 


Although  no  soil  series  was  identified,  it  was  classified  taxonom- 
ically  as  being  a fine-loamy,  mixed  Aquic  Haploboroll  (USLA  1975). 
A description  of  the  A1  (0-8  in.)  horizon  sampled  is  presented  in 
Table  VIII-9. 
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T17:T16  Pair 


Site  T17  is  situated  on  a gently  sloping  (3%),  north-northeast  facing 
footslope  of  an  alluvial  fan  at  approximately  5040  ft.  elevation; 
it  is  also  situated  above  an  old  lateral  of  the  Yellow  Ditch.  Land 
use  was  irrigated  alfalfa  hay  production;  the  stand  appeared  to  be 
in  good  condition. 

The  soil  series  was  identified  as  "Varney",  a fine-loamy,  mixed 
Aridic  Argiboroll . A description  of  the  A1  (0-5  in)  horizon  sampled 
is  presented  in  Table  VIII-10. 

Site  T16  is  located  on  a gently  sloping  (2%),  northeast  facing 
footslope  of  an  alluvial  fan  at  approximately  5040  ft.  elevation. 
Soils  were  sampled  in  a bare  area  alongside  an  old  lateral  from  the 
Yellow  Ditch.  The  first-year  alfalfa  planted  there  either  died  or 
did  not  nodulate;  scattered  stands  of  hoary  cress  ( Cardaria  draba ) 
and  field  bindweed  ( Convolvulus  arvensis ) occurred  within  this  gen- 
erally denuded  area.  Irrigated  alfalfa  plants  growing  adjacent  to 
the  bare  spot  constituted  the  site's  vegetation  sample. 

The  soil  series  was  identified  as  "Varney",  a fine-loamy,  mixed 
Aridic  Argiboroll.  A description  of  the  A1  (0-5  in)  horizon  sampled 
is  presented  in  Table  VIII-11. 
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TABLE  VIII-6 
T12 


SITE  DESCRIPTION 


SOIL  SERIES 

T12 

SITE  NUMBER: 

12  COUNTY  : 

SILVER 

BOW 

TAXON 

CLAYEY  OVER  SANDY,  MIXED 

ARIDIC 

ARGIBOROLLS  (129A) 

LOCATION 

ABOVE 

OLD  DITCH  E.  OF  LAGOON  AT 

PETERSONS 

SW  1/4,  SE  1/4 

, SE  1/4, 

SE  1/4, 

SEC 

TION  35,  T4N,  R 

low 

DATE 

06/28/85  1240 

ELEVATION 

: 5 1 OOF 

1554M  PRECIP  : 

11.1  IN 

28 1 .9MM 

MATERIAL 

res  . 

igneous 

VEGETATION 

: sedge 

& 

rush  LAND  USE: 

pasture 

DRAINAGE 

poor 

to  mod. 

PERMEABILITY  .-slow 

EROSION  : 

none 

POSITION 

footslope 

LANDFORM 

: terrace 

NUM.HOR. : 

2 

SLOPE 

1% 

0.6  D 

ASPECT 

:N 

PROFILE 

DESCRIPTION 

DEPTH 

COLOR 

CF 

STR  CONS  RT  PR 

HOR.  NO. 

(IN) 

MOIST 

DRY 

TEXT 

% 

gsk  dmsp  asl  ask  pH  EFF  BND 

01  59 

0-  5 

lOYR  3/ 1 

lOYR  4/ 1 

fibre 

0 

111  3311  772  11 

1 0.0  1 

2 1 

IICl  60 

5-  17 

lOYR  4/ 

lOYR  5/1 

Is 

0 

111  1111  361  11 

1 0.0  1 

13 

COMMENTS 

CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = moist , dry, sticky , plastic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , size ,kind  EFF  =ef fervesence  END  =boundary  th icknes s , shape 


SITE: 

5 INCH  HISTIC  HORIZON  OVER  SANDS  AND  OLD  ARGILLIC  HORIZON 
ON  FLOODPLAIN  OF  SBC 
HORIZON: 

01:  HISTIC  HORIZON 

lie i : COARSE  AND  MEDIUM  SAND  OVER  ERODED  ARGILLIC  HORIZON 
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TABLE  VIII-7 
T13 


SITE  DESCRIPTION 


SOIL  SERIES 

T 13 

SITE  NUMBER: 

13 

COUNTY 

• 

SILVER 

BOW 

TAXON 

CLAYEY 

OVER 

SANDY,  MIXED 

ARIDIC 

ARGIBOROLLS 

( 129A) 

LOCATION 

BELOW 

OLD  DITCH,  EAST  OF 

PETERSON  LAGOON. 

SE  1/4 

, SE 

1/4,  SE  1/4, 

SE  1/4, 

SECTION 

35, 

T4N, 

RlOW 

DATE 

06/29/85  13 

15  ELEVATION 

: 5100F  1554M  PRECIP 

11.1  IN 

28 1 .9MM 

MATERIAL 

crystl 

. alluv. VEGETATION 

: bare 

ground 

LAND  USE:pasture 

DRAINAGE 

poor 

PERMEABILITY: medium 

EROSION 

: severe 

POSITION 

footslope 

LAND FORM 

: terrace 

NUM.HOR 

, 

3 

SLOPE 

1% 

0.6  D 

ASPECT 

:N 

PROFILE 

DESCRIPTION 

DEPTH 

COLOR 

CF  STR 

CONS 

RT 

PR 

HOR.  NO. 

(IN) 

MOIST 

DRY 

Tfxt 

% gsk 

dmsp 

acl 

ask 

pH  EFF  BND 

Cl  61 

0-  3 

lOYR 

3/3  lOYR  5/3 

s il 

0 464 

4323 

1 1 1 

34  6 

5.5  1 

12 

IIOl  62 

3-  10 

lOYR 

2/2  lOYR  4/2 

1 

5 111 

32  12 

342 

544 

5.5  1 

2 1 

IIB2  63 

10-  18 

lOYR 

3/3  lOYR  5/3 

s 1 

40  111 

32  12 

1 1 1 

1 1 1 

0.0  1 

66 

COMMENTS 

CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = moist , dry , sticky , plastic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , s ize , kind  EFF  =e f fervesence  END  =boundary  thickness , shape 


SITE: 

TERRACE  ABOVE  SBC,  2 INCHES  CONTAMINATED  SEDIMENT  FROM 
IRRIGATION,  BARE  GROUND  WITH  SOME  CAREX 
HORIZON: 

C 1 : LAYER  OF  SEDIMENT  FROM  IRRIGATION  DITCH 
IIOl:  DECOMPOSED  FIBRIC  LAYER  BURIED  BY  SEDIMENT 
IIB2:  ABUNDANT  SANDS  AND  GRAVEL 
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TABLE  VIII-8 
T14 


SITE  DESCRIPTION 


SOIL  SERIES 

TAXON 

LOCATION 


ANACONDA  - T I4SITE  NUMBER:  14  COUNTY 

FINE-LOAMY,  MIXED  ARIDIC  HAPLOBOROLLS  (35D) 
PETERSON  ALFALFA  FIELD  BELOW  YELLOW  DITCH  LATERAL 
SW  1/4,  NE  1/4,  SE  1/4,  NW  1/4,  SECTION  35,  T4N, 


: DEER  LODGE 


RlOW 


DATE 

MATERIAL 

DRAINAGE 

POSITION 


06/28/85  1015  ELEVATION 
crystl.  alluv. VEGETATION 


well 

footslope 


PERMEABILITY 

LANDFORM 


5080F  1548M  PRECIP  : 1 1 . 0 IN  279. 4MM 

irr.  f ieldcropLAND  USE : irrigated  hay 
to  rapid  EROSION  : severe 


med . 
alluvial 


fan 


EROSION 

NUM.HOR. 


SLOPE 

: 4% 

2.3  D ASPECT 

PROFILE 

:S  70DEG  E 
DESCRIPTION 

HOR. 

NO. 

DEPTH 

(IN) 

COLOR 

MOIST  DRY 

CF 

TEXT  % 

STR 

gsk 

CONS  RT 
dmsp  asl 

PR 

ask 

pH  EFF 

BND 

Ai 

55 

0-  4 

lOYR  3/2  lOYR  5/2 

si  3 

1 1 ' 

4312  572 

1 1 1 

5.5  ! 

55 

COMMENTS 


CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = rnois  t , dry  , s t icky , plas  t ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , s ize , kind  EFF  =ef fervesence  BND  =boundary  thickness , shape 

SITE: 

BARE  GROUND  ALONG  LATERAL,  GRAVEL  VENEER  ON  SURFACE. 

FAILURE  IN  FIRST  YEAR  STAND,  EXISTING  PLANTS  NOT  NODULATED 
HORIZON: 

Al:  ABUNDANT  COARSE  SAND,  ACID  SPOTS  ON  SURFACE  (NEAR  DITCH) 
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TABLE  VIII-9 
T15 

SITE  DESCRIPTION 


SOIL  SERIES 

TAXON 

LOCATION 


TI5  CITE  NUI-.BEL;  1'^  COUNTY 

FINE-LOAi'iY,  MIXED  AQUIC  HAPLOBOROLLS  (535A) 

PETERSON  OAT  FI^LD-SWaLE  BELOW  YELLOW  DITCH 

SE  1/4,  NE  1/4,  SE  1/4,  NW  1/4,  SECTION  35,  T4N,  RlOW 


DEER  LODGE 


DATE 

MATERIAL 

DRAINAGE 

POSITION 


06/29/85  950  ELEVATION 

crystl.  al luv . VEGETATION 
poor  to  mod.  PERMEABILITY : slow  to  med iumEROSION 
footslope  LANDFORM  ralluvial  fan  NUM.HOR. 


5080F  1548M  PRECIP  : 11.0  IN  279. 4MM 

irr.  f ieldcropLAND  USE : irrigated  crop 


:moderate 


SLOPE 

: 3% 

1 .8  D ASPECT 

:N  30DEG 

W 

PROFILE 

DESCRIPTION 

DEPTH 

COLOR 

CF 

STR 

CONS 

RT 

PR 

HOR. 

NO. 

(IN) 

MOIST  DRY 

TEXT  % 

gsk 

dmsp 

as  1 

ask 

pH  EFF  BND 

Al 

56 

0-  8 

lOYR  3/2  lOYR  4/2 

cl  0 

254 

4333 

54  2 

1 1 1 

8.02  11 

COMMENTS 


CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = moist , dry , s t icky , plast ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , s ize , kind  EFF  =ef fervesence  BND  =boundary  thickness , shape 

SITE: 

CHLOROTIC  OATS,  STUNTED,  WHITICH  YELLOE  TIPS  WITH  GREEN 
VEINS.  AFFECTED  PLANTS  ALONG  SWALE  (CU  DEFICIENT?) 

HORIZON: 

Al:  UNDERLIEING  B HORIZON  CAMBIC,  HIGH  O.M.  % (AQUIC ) 
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TABLE  VIII-10 
T17 

SITE  DESCRIPTION 

*******************«*»*>a*»««*»«3*««««*«***a*«**««««»»«»«*«a»»a»«» 

VARNEY  - T17  SITE  NUMBER:  17  COUNTY  : DEER  LODGE 

FINE-LOAMY,  MIXED  ARIDIC  ARGIBOROLLS  (36C) 

PETERSON  FIELD  ABOVE  LATERAL  FROM  YELLOW  DITCH 
SW  1/4,  NW  1/4,  NW  1/4,  NE  1/4,  SECTION  35,  T4N,  RlOW 

06/28/85  1110  ELEVATION  : 5040F  1536M  PRECIP  : 10.9  IN  276. 9MM 

crystl.  al luv . VEGETATION  :irr.  f ieldc ropLAND  USE : irrigated  hay 
well  PERMEABILITY rmedium  EROSION  : slight 

footslope  LANDFORIi  lalluvial  fan  NUM.HOR.:  1 

3%  1.8  D ASPECT  :NNE 


PROFILE  DESCRIPTION 


DEPTH 

COLOR 

CF 

STR 

CONS 

RT 

PR 

HOR. 

NO. 

(IN) 

MOIST  DRY 

TEXT 

% 

gsk 

dmsp 

as  1 

ask 

pH  EFF  BND 

Al 

58 

• 1 

o 

lOYR  4/3  lOYR 

6/4  scl 

0 

344 

4323 

752 

1 1 1 

0.01  11 

COMMENTS 

CF  = 

coarse 

fragment  (%)  STR  = 

structure 

grade. 

size. 

and 

kind 

CONS  = moist , dry ,st icky , plast ic  consistence  RT  = root  amount,  size,  location 
PR  =pore  amount , s ize , kind  EFF  =ef fervesence  BND  =boundary  thickness , shape 

SITE: 

LOCATED  ABOVE  DITCH  IN  GOOD  ALFALFA  STAND.  SOIL  20  INCHES 
TO  ROCK  AND  FINER  TEXTURED  THAN  T16. 

HORIZON: 


SOIL  SERIES 

TAXON 

LOCATION 


DATE 

MATERIAL 

DRAINAGE 

POSITION 

SLOPE 
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TABLE  VIII-11 
T16 

SITE  DESCRIPTION 


SOIL  SERIES 

TAXON 

LOCATION 


VARNEY  - T16  SITE  NUMBER:  16  COUNTY 

FINE-LOAMY,  MIXED  ARIDIC  ARGIBOROLLS  (36C) 

LOWER  PETERSON  ALFALFA  FIELD 

NE  1/4,  NW  1/4,  NW  1/4,  NE  1/4,  SECTION  35,  T4N 


: DEER  LODGE 


RlOW 


DATE 

MATERIAL 

DRAINAGE 

POSITION 


06/28/85  1 100  ELEVATION 
crystl.  alluv. VEGETATION 
well  PERMEABILITY: medium 

footslope  LANDFORM  :alluvial  fan 


5040F  1536M  PRECIP  : 10.9  IN  276. 9MM 

irr.  f ieldcropLAND  USE : irrigated  hay 
EROSION  :moderate 
NUM.HOR.:  1 


SLOPE 

: 2% 

1 .2  D ASPECT 

:NE 

PROFILE 

DESCRIPTION 

DEPTH 

COLOR 

CF 

STR 

CONS 

RT 

PR 

HOR. 

NO. 

(IN) 

MOIST  DRY 

TEXT 

% 

gsk 

dmsp 

as  1 

ask 

pH  EFF 

BND 

Al 

57 

0-  5 

lOYR  3/3  lOYR  5/4 

s 1 

5 

254 

33  1 1 

222 

1 1 1 

0.0  1 

2 1 

COMMENTS 


CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = mois t , dry , s t icky , plas t ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , s ize  , kind  EFF  =ef  ferves*:'nc'"  BND  =boundary  thickness  , shape 

SITE: 

BARE  AREA  ALONG  YELLOW  DITCH  LATERAL.  FIRST  YEAR  ALFALFA 
DIED  OR  DID  NOT  NODULATE.  WEEDY. 

HORIZON: 

Al:  MAY  BE  SOME  SEDIMENT  FROM  DITCH 
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VIII. 4 SPANGLER'S  SITES:  A6  and  A7 


General  Description 


One  "upgradient cdowngradient"  sampling  pair  was  utilized;  the  res- 
pective field  identification  numbers  are  A6  and  A7 . Site  A6  is 
located  in  the  NE  1/4  SW  1/4  NE  1/4  NW  1/4  quarter  of  Section  30, 
T4NR9W  in  Silver  Bow  County.  Site  A7  is  located  below  an  abandoned 
Milwaukee  Railroad  trestle  in  the  SW  1/4  SW  1/4  NE  1/4  NW  1/4 
quarter  of  the  above  section.  The  two  sites  are  shown  in  Map  3-4. 
Published  aerial  coverage  of  these  sites  can  be  found  in  the  USGS 
orthophotoquadrangle  sheet  entitled  "Opportunity,  Mont."  (1977). 

Site  A6 


The  site  is  situated  on  a gently  sloping  (4%),  southwest  facing 
lower  midslope  of  an  alluvial  fan  at  approximately  5085  ft. 
elevation.  Annual  precipitation  probably  ranges  from  12-to-14- 
inches,  while  the  frost-free  season  probably  ranges  from  70  to  90  days 
per  year  (USDA  1979;  Maps  V-1,  V-2).  The  well  drained  site  exhibits 
medium  premeability  and  moderate  erosion  conditions.  The  vegetation 
appears  characteristic  of  a silty  range  foothills  site  (Ross  and 
Hunter  1976);  representative  grass  species  include  Agropyron  spica- 
tum,  A.  smithii  and  Elymus  cinereus . The  abundance  of  rubber 
rabbitbrush  ( Chrysothamnus  nauseosus ) , knapweed  ( Centaurea  maculosa) 
and  leafy  spurge  ( Euphorbia  esula ) indicates  heavy  grazing  effects, 
at  least  historically.  In  addition,  the  presence  of  a small  ditch 
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situated  slightly  uphill  from  the  site  implies  these  lands  were 
irrigated  in  the  past.  Present  land  use  is  range  for  cattle  and 
sheep . 

The  soil  series  is  "Tally,  cool  variant"  and  is  classified  taxo- 
nomically  as  coarse-loamy,  mixed  Aridic  Haploboroll  (USDA  1975). 
The  profile  description  is  given  in  Table  VIII-12.  The  pro- 
bable geologic  parent  material  is  granitic  rocks  (possibly  Butte 
quartz  monzonite)  of  the  Boulder  Batholith  (Alt  and  Hyndman  1976). 

Site  A7 


The  site  is  situated  on  a gently  sloping  (3%),  southwest-facing 
footslope  of  an  alluvial  fan  at  approximately  5075  ft.  elevation. 
It  is  well-to-excessively  drained,  permeability  is  rapid,  and  erosion 
condition  is  severe.  The  range  site  classification  is  probably  the 
same  as  for  A6 . However,  such  a determination  was  difficult  due  to 
the  very  poor  vegetative  conditions.  Plant  cover  is  less  than  20% 
and  is  characterized  by  scattered  clumps  of  Basin  wildrye  and 
luxuriant  leafy  spurge;  other  species  observed  include  needle-and- 
thread  grass  ( St ipa  comata ) and  bindweed.  Present  land  use  is 
cattle  pasture. 


The  bare  surface 
from  wind  erosion 
dant  surficially. 


was  hypothesized  to  be  desert  pavement 
. Coarse  granitic  sand  and  fine  gravel 
These  materials  represent  either 


resulting 
are  abun- 
wind-blown 
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sands  or  sediment  released  from  the  old  irrigation  ditch,  si 
just  above  the  site.  The  soil  series  is  also  "Tally,  cool  var 
The  profile  description  is  found  in  Table  VIII-13. 


tuated 
iant " . 
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TABLE  VIII-12 
SITE  Ell^CRIPTION 


SOIL  SERIES 

TALLY (COOL)  - fiSTE  NUMBER: 

54 

COUNTY  : 

SILVER 

BOW 

TAXON 

COARSE 

-LOAMY,  MIXED  ARIDIC 

HAPLOBOROLLS 

( 1350 

LOCATION 

ABOVE 

RAILROAD  TRESTLE  AT 

SPANGLERS  NEAR  SITE  A7 

SE  1/4 

, NE  1/4,  NW  1/4  SECTION  30,  T4N, 

R9W 

DATE 

07/06/85  1610  ELEVATION 

: 5085F  1549M  PRECIP  : 

10.6  IN 

269. 2MM 

MATERIAL 

cryst 1 

. alluv. VEGETATION 

:mixed  midgrassLAND  USE: 

range 

DRAINAGE 

well 

PERMEABILITY 

: medium 

EROSION  : 

moderate 

POSITION 

lower 

mids lopeLANDFORM 

:alluvial  fan 

NUM 

.HOR. : 

3 

SLOPE 

4% 

2.3  D ASPECT 

:S  50DEG  W 

PROFILE  DESCRIPTION 

DEPTH 

COLOR 

CF  STR 

CONS 

RT  PR 

HOR.  NO. 

(IN) 

MOIST  DRY 

TEXT  % gsk 

dmsp 

asl  ask  pH  EFF  BND 

Cl  118 

0-  5 

lOYR  3/2  lOYR  5/3 

Is  5 111 

nil 

742  1 1 

1 0.0  1 

2 1 

IIAI  119 

5-  12 

lOYR  3/2  lOYR  5/3 

s 20  111 

nil 

743  1 1 

1 0.0  1 

3 1 

IICl  120 

12-  24 

lOYR  3/2  lOYR  4/3 

Is  0 111 

22  1 1 

542  1 1 

1 0.0  1 

66 

COMMENTS 

CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

COIiS  = mois  t , dry  , s t icky , plast  ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , s ize , kind  EFF  =e f fervesence  END  =boundary  thickness , shape 


SITE: 

BASIN  WILDRYE,  AGSM,  KNAPWEED.  SITE  IS  ABOVE  MAIN  IRRIG. 
DITCH  AND  IS  LESS  CONTAMINATED  THAN  A7 . SMALL  DITCH  ABOVE 
HORIZON: 

Cl:  VENEER  OF  SEDIMENT  FROM  OVERGRAZING  (HIGH  CO.  SAND  %) 
IIAI:  ABUNDANT  CO.  SAND  AND  FINE  GRAVEL 
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TABLE  VIII-13 
A7 


SITE  DESCRIPTION 


SOIL  SERIES 

TAXON 

LOCATION 


TALLY (COOL)  - SITE  NUMBER:  55  COUNTY 

COARSE-LOAMY,  MIXED  ARIDIC  HAPLOBOROLLS  (135C) 
SPANGLER  NORTH  PASTURE  NEAR  RR.  TRESTLE  N OF  I- 
NE  1/4,  SW  1/4,  NW  1/4  SECTION  30,  T4N,  R9W 


90 


: SILVER  BOW 


DATE 

MATERIAL 

DRAINAGE 

POSITION 

SLOPE 


07/06/85  1640  ELEVATION  : 5075F  1546M  PRECIP  : 10.6  IN  269. 2MM 

crystl.  al luv . VEGETATION  :bare  ground  LAND  USE:pasture 
well  to  excessPERMEABILITY : rapid  EROSION  : severe 

footslope  LANDFORM  lalluvial  fan  NUM.HOR. : 4 

3%  1.8  D ASPECT  :S  70DEG  W 


PROFILE  DESCRIPTION 


HOR. 

NO. 

DEPTH 

(TN) 

COLOR 

MOIST 

DRY 

TEXT 

CF 

% 

STR 

gsk 

CONS 

dmsp 

RT 
as  1 

PR 

ask 

pH  EFF 

BND 

C 1 

1 14 

0-  5 

lOYR  3/3 

lOYR 

5/3 

Is 

20 

4 54 

43  1 1 

246 

74  6 

0.0  ! 

12 

ITAl 

! 15 

5-  15 

lOtR  3/2 

lOYR 

4/3 

Is 

30 

1 1 1 

1 1 1 1 

242 

1 1 1 

0.0  1 

2 ! 

IIC  1 

1 16 

15-  25 

lOYR  4/3 

lOYR 

5/3 

s 

0 

1 1 1 

1 1 1 1 

1 1 1 

1 1 1 

0.0  1 

1 1 

IIIA  1 

1 17 

25-  37 

lOYR  3/2 

lOYR 

4/2 

1 

15 

1 1 1 

3323 

1 1 1 

1 1 1 

0.0  1 

66 

COMLIENTS 


CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = moist , dry , St icky ,plast ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , size , kind  EFF  =e f fervesence  BND  =boundary  th icknes s , shape 

SITE: 

CONTAMINATED  BY  PAST  IRRIGATION.  BARE  GROUND  (80%)  WITH 
BASIN  WILDRYE,  AGSM,  AND  LARGE  LEAFY  SPURGE 
HORIZON: 

Cl:  PAVEMENT  FROM  WIND  EROSION,  HIGH  CO . S AND  GRAVEL  %. 


VIII. 4-5 


'Iff 


f%  w:j8||i  * 

-^pm  ^ '■ 

1^  • * '*  9tik  »\ 


M 7 

f * 


■i  i*  i' 


r*  P I * 


i *< 


L.V  - ■ 


j 

J--  * 

'■  i f ♦fji 

1 

iijia 

*<••■■  ■ f !*  , 

^ i ^ . 'f  * 

1,  ■•  4 

' -iin 

■«  "Sr* 

• *■■  f- 

1 

»* ; 

’ Wf  !•*  1 14 

f « 

- ^ 

iiOiT;«oi 

/ 

t 

r:Q 

r UiJT"^ 

1 , 
4 

1 

■ 

« 

• 

♦ 

■ vi  'i*  a->^ 

r -i  i ' - #•• 

1 

» / . 

- ’ ) 

. *:•  >::« 

• 

• « 

4 

• 

* 

. 1 • • • • . j » 

1 4 • . - • « a 

1, 

. # ^ ‘ 10  * V vP 

1 > 

/ 

• 

Mt 

t 

am  >*  • ' « M 

■■<  ^ ( 

A 

1 

. 1 » » Af 

4^  1 • . { i • 1 . 

» 

« < 

• 

A t f J ^ * 

9 9 1 • * - # ' 1 ♦ 

#1 

• 

v»  *»ri 

■ ■ 1 ' ' \ 1 ■ 

■ « 

4 « . 

4 ' -*4  (|fj  * * ■ ' . »i  ■■■ 

( 

• . > 1 

#4*  * f.  % • % 

^9:-  j k*"  ■>•*■ 

* 

’>  • 

‘ *t  « • A />■' 

■ - r 

r 

. 

» f 3T% 

• IJ  - • 

<■  ’ HATH’  > 

ft¥  «UaA« 


VIII. 5 FORSEN'S  SITES:  AI2  AND  AI3 


General  Description 

One  "upgradient : downgradient " sampling  pair  was  utilized.  The 
respective  field  identification  numbers  are  A12  and  A13;  they  are 
situated  above  and  below  the  remains  of  the  E.  Valiton  Ditch, 
respectively.  Both  sites  are  located  in  the  NE  1/4  NE  1/4  SE  1/4 
NE  1/4  quarter  of  Section  16,  T7NR9W  in  Powell  County.  The  sites 
are  shown  in  Map  3-5.  Published  aerial  coverage  can  be  found  in 
the  uses  photoquadrangle  sheet  entitled  "Dempsey,  Mont."  (1977). 

Site  A12 


This  site  is  situated  upper  midslope  on  a moderately  sloping  (8%), 
northwest  facing  alluvial  fan  at  approximately  4600  ft  elevation. 
Annual  precipitation  is  about  12  in.,  while  the  site's  freeze-free 
season  probably  ranges  from  90  to  100  days  (USDA  1979;  Maps  V-1, 
V-2) . This  well-drained  site  exhibits  medium  permeability  and 
moderate  erosion  conditions.  The  vegetation  is  representative 
of  a moderately  grazed  silty  range  foothills  site.  Grass  species 
include  Basin  wildrye,  biuebunch  wheatgrass  ( Agropyron  spicatum) 
and  blue  grama  ( Bouteloua  gracilis);  shrub  species  include  wild 
rose  ( Rosa  woodsii ) and  rubber  rabbitbrush.  Present  land  use  is 
pasture . 
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The  soil  profile  was  classified  taxonomically  as  a coarse-loamy, 
mixed  Typic  Haploboroll,  eroded  phase  (USDA  1975).  The  profile 
sampled  is  described  in  Table  VIII-14.  Geologic  parent  mater- 
ial is  probably  coarse  gravels  of  volcanic  origin,  overlying  light 
gray,  poorly  consolidated  bedded  tuff  (Ruppel  1961). 

Site  A13 


Site  A1 3 is  an  upper  midslope  site,  situated  on  a moderately  slop- 
ing (7%),  northwest-facing  alluvial  fan  about  2 ft  lower  in  eleva- 
tion than  site  A1 2 . This  well-drained  site  of  medium  permeability 
is  severely  eroded.  Inspection  of  the  remnants  of  the  ditch  indi- 
cated that  it  had  been  breached  (during  operation) , consequently 
releasing  large  quantities  of  coarse  sediment  and  water.  These 
materials  could  have  been  laden  with  heavy  metals,  thus  partly 
explaining  the  depauperate  vegetation  present  on  site.  Vegetative 
cover  was  estimated  visually  as  being  approximately  20  percent  and 
included  such  species  as  Basin  wildrye,  bluebunch  wheatgrass,  leafy 
spurge  and  thistles  ( Cirsium  arvense ) . Present  land  use  is  pasture  in 
very  poor  condition. 

Soil  taxonomy  is  the  same  as  for  site  A12.  A description  of  the 
profile  sampled  is  found  in  Table  VIII-15. 
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TABLE  VIII-14 
A12 

SITii  DESCRIPTION 


SOIL  SERIES 

TAXON 

LOCATION 


(A  12)  SITE  NUMBER:  59  COUNTY  : POWELL 

COARSE-LOAMY,  MIXED  TYPIC  HAPLOBOROLLS , ERODED  (135D) 
FORESON  PASTURE  ABOVE  TRACE  OF  EAST  VALITON  DITCH 
NE  1/4,  NE  1/4,  SE  1/4  SECTION  16,  T7N,  R9W 


DATE 

MATERIAL 

DRAINAGE 

POSITION 

SLOPE 


07/07/85  1135  ELEVATION  : 4600F  1402M  PRECIP  : 1 1 . 8 IN  299.7M14 

mixed  al luviumVEGETATION  :mixed  midgrassLAND  USE:pasture 
well  PERMEABILITY : medium  EROSION  rmoderate 

upper  mids lopeLANDFORM  lalluvial  fan  NUM.HOR.:  3 

87o  4.J  D A:>PECT  :N  80  DEG  W 


PROFILE  uESCRIFTICN 


DEPTH 

COLOR 

CF 

STR 

CONS  RT  PR 

HOR. 

NO.  (IN'  MOT  ST 

DRY 

TEXT  % 

g‘=k 

dmsp  asl  ask  nH  EFF  BND 

Al 

Iz  1 

0- 

5 

IGYR 

4/3 

lOYR 

5/^ 

s 1 

n 

442 

43'?2 

74  2 

544 

0.0  1 

1 

B2 

122 

5- 

14 

lOYR 

4/4 

lOYR 

5/4 

s 1 

0 

254 

3333 

742 

544 

0.0  1 

3 1 

C 1 

123 

14- 

40 

lOYR 

4/4 

lOYR 

5/4 

fsl 

0 

1 1 1 

33  12 

54  2 

1 1 1 

0.0  1 

66 

COMMENTS 


CF  = coarse  Fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  - mois  t , dry  , s *:  icky , nlast  ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , s ize , kind  EFF  =ef fervesence  BND  =boundary  thickness , shape 

SITE: 

VEGETATION:  WILD  ROSE,  AGSM,  BASIN  WILDRYE . 

HORIZON: 

B2:  CAMBIC  B HORIZON  (DUPLICATE  SAMPLE  77) 

C 1 : DUPLICATE  SAMPLE  78 
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TABLE  VIII-15 
A13 

SITE  DESCRIPTION 


SOIL  SERIES 

(A13) 

SITE  NIRIBER 

. 

60 

COUNTY 

: POWELL 

TAXON 

COARSE 

-LOAMY,  MIXED  TYPIC 

HAPLOBOROLLS , 

ERODED  ( 

135D) 

LOCATION 

FORESON  PASTURE  BELOW  TRACE  OF 

EAST 

VALITON  DITCH 

NE  1/4 

, NE  1/4,  SE  1/4  SECTION 

16, 

T7N, 

R9W 

DATE 

07/07/85  1220  ELEVATION 

: 4600F 

1402M  PRECIP 

: 1 1 

.8  IN 

299. 7MM 

MATERIAL 

mixed 

al luviumVEGETATION 

: bare 

ground 

LAND  USE: pasture 

DRAINAGE 

well 

PERMEABILITY :medium 

EROSION 

: severe 

POSITION 

upper 

mids lopeLANDFORM 

: a 1 1 uv  i a 1 

fan 

NUM.HOR 

• 1 

4 

SLOPE 

7% 

4.0  D ASPECT 

:N  70DEG 

W 

PROFILE 

DESCRIPTION 

DEPTH 

COLOR 

CF 

STR 

CONS  RT 

PR 

HOR.  NO. 

(IN) 

MOIST  DRY 

TEXT 

% 

gsk 

dmsp  asl 

ask 

pH  EFF 

BND 

Cl  124 

0-  3 

lOYR  4/2  lOYR  5/3 

s 1 

20 

1 I 1 

1112  111 

546 

0.0  1 

12 

IIAl  125 

3-  8 

lOYR  3/3  lOYR  4/3 

fsl 

5 

244 

3212  111 

1 1 1 

0.0  1 

3 1 

IIB2  126 

8-  18 

lOYR  4/4  lOYR  5/5 

f s 1 

0 

1 1 1 

3212  111 

1 1 1 

0.0  1 

3 1 

IICl  127 

18-  38 

lOYR  4/3  lOYR  5/4 

fsl 

5 

1 1 1 

3212  111 

1 1 1 

0.0  1 

66 

COMilENTS 

CF  = coarse  fragment  (%)  STR  = structure  grade,  size,  and  kind 

CONS  = moist , dry, St  icky, plastic  consistence  RT  = root  am.ount , size,  location 

PR  =pore  amount , size , kind  EFF  =e f fervesence  END  =boundary  th icknes s , shape 


SITE : 

LARGE  CONTAi^'IINATED  AREA  BELOW  DITCH. 

HORIZON: 

Cl:  DEPOSIT  FROM  IRRIG.  DITCH,  ROCK  PAVEMENT  SURFACE  (DUPL. 
IIAl:  ABUNDANT  MOISTURE  UN1.IKE  A 12  DRY  THROUGHOUT.  (DUPL  #80 
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VIII. 6 DUTTON'S  SITE:  A9 


General  Description 


One  unpaired  site,  identified  as  A9 , was  utilized  here.  The  legal 
description  is  the  NE  1/4  SW  1/4  NW  1/4  NE  1/4  quarter  of  Section  31, 
TIONRIOW  in  Deer  Lodge  County.  The  site  location  is  shown  in 
Figure  3-6.  Published  aerial  coverage  can  be  found  in  the  USGS 
photoquadrangle  sheet  entitled  "Griffin  Creek,  Montana"  (1976). 

The  site  is  situated  on  a nearly  level  (1%),  west-facing  wet  meadow 
within  the  Clark  Fork  River  floodplain  at  approximately  4320  ft 
elevation.  Annual  precipitation  is  approximately  12  in.,  while 
the  annual  freeze-free  season  probably  ranges  from  90  to  100  days 
(USDA  1979;  Maps  V-1,  V-2).  The  poorly  drained  site  exhibits  medium 
permeability  and  slight  erosion  conditions.  The  vegetation  appears 
to  be  representative  of  a moderately  grazed,  subirrigated/wetland 
range  site.  Grass  species  include  Kentucky  bluegrass  ( Poa  pratensis 
and  smooth  brome ; Carex  spp.  were  also  abundant.  Present  land  use 
is  irrigated  hay  for  livestock  forage. 

The  soil  was  classified  taxonomi cally  as  a fine-loamy,  mixed  Typic 
Fluvaquent  (USDA  1975).  The  soil  profile  sampled  is  described  in 
Table  VIII-16.  The  surface  was  bare  and  possessed  salt  efflore- 
scence; the  Cl  horizon  was  identified  as  mill  tailings  overlaying 
an  older  A (IIAl)  horizon.  The  rocks  encountered  at  26  in.  may 
have  been  alluvial  material  of  Quaternary  age  (Alt  and  Hyndman 
1976)  . 


VIII .6-1 


<•*  -iviu  B •Mtjb  A.riiv 

) 

r*  • I 


V (V 


‘ : i tm  i-{~’'  jm  «■*•  la  i^». 

#1  «JiJfc  - »'^*-^'  'r\»ivU  iMiii  ti  L^ 

fAi^  «|»  «sjwm  .#•*  t.»W'4- 


,lJ,f  ' i^VlSri  <1  Tfi*!^ 


s>n  s*  M 1 i # mi  I A n^rr 

:■  ff  . » »^  ■ ' i. -1^  It# 


- t . 


■".n-* 


* .*  *V  sa  . » 


1! 

ifft>i  . lu.  ►!•  -•*  ' 


^ 4 t i*  \ * 1 ■ 


* , k • *,  # *>  • ■ ^ 

! A*  W#  > ' - ' " 

<« 

’ - , . # 1 M 1?^ 


■ "■  •■'.'■  i^-  I- 


1 ■»  .'l  <*vi 


iV 


>»•.'  &' 


r,  C r^  J-  . . ■ 


* . ••  ■ :4X'l 


•.'id'’’ 


■ffl 


* 4 n’f 


4.  V - 

i4  a 


. I 


';;•••  i >1 

tl«7 


1 ■'  » 

( i_*»»  *'t  o(’. 


. . ! »il 


. *I-  -:'t'*  J.  ' *■''’'^•• 


. % *V# 


I -'*. 


UiTtl 


TABLE  VIII-16 
A9 

SITE  DESCRIPTION 


SOIL  SERIES 

TAXON 

LOCATION 


(A9)  SITE  NUMBER:  56  COUNTY 

FINE-LOAMY,  MIXED  TYPIC  FLUVAQUENTS 
DUTTON  RANCH  NEAR  GOLD  CREEK 

NE  1/4,  SW  1/4,  NW  1/4,  NE  1/4  SECTION  31  TION  R1 


: DEER  LODGE 


OW 


• >ATE 

-IM'LRIAL 
DRAINAGE 
PO Si TION 
SLOPE 


06/26/85  1700  ELEVATION  : 3900F  1 188M  PRECIP  : 15.5  IN  393. 7MM 

mixed  al luviumVEGETATION  :peren.  forage  LAND  USE : irrigated  hay 
poor  PERMEABILITY :medium  EROSION  : slight 

level  slope  LANDFORM  : floodplain  NUM.HOR. : 4 

1%  0.6  D ASPECT  :W 


P'OF'^LE  DES'^RIPTION 


HOR. 

NO. 

DEPTH 

(IN) 

MOIST 

COLOR 

DRY 

TEXT 

CF 

% 

STR 

gsk 

CONS 

dmsp 

RT 
as  1 

PR 

ask 

pH  EFF 

BND 

Al  1 

101 

0-  5 

lOYR 

4/3 

lOYR 

5/4 

fsl 

0 

232 

22  1 1 

1 1 1 

1 1 1 

5.5  1 

1 1 

A12 

102 

5-  10 

lOYR 

4/6 

lOYR 

6/6 

Is 

0 

1 1 1 

112  1 

1 1 1 

1 1 1 

5.0  1 

1 1 

C 1 

103 

10-  18 

lOYR 

5/6 

lOYR 

6/8 

s i 

0 

222 

32  12 

1 1 1 

1 1 1 

4.5  1 

1 1 

IlAl 

i04 

18-  26 

lOYR 

3/2 

lOYR 

3/3 

s il 

0 

24  2 

3222 

572 

22? 

6.0  1 

29 

CO^^MENTS 


CF  - CO  rsc  fragment  (%)  STR  = structure  grade,  size,  ana  kind 

CONS  = mois t , dry , St icky , plaat ic  consistence  RT  = root  amount,  size,  location 

PR  =pore  amount , size , kind  EFF  =ef fervesence  BND  =boundary  th icknes s , shape 

SITE: 

SALTY  ON  SURFACE,  BARE  GROUND.  SOIL  IN  ANO  OLD  OXBOW  OF  THE 
CLARK  FORK.  SOME  CHLOROTIC  POA,  BRIN. 

HORIZON : 

All:  0-3.5”  lOYR  2/3  SiCL,  2.5-5”  FSL 
A 12:  SLIGHTLY  STRATIFIED  RECENT  OVERBANK  DEPOSIT. 

Cl:  STRATIFICATIONS  OF  7.5  YR  4/8,  N/2,  THIXOTROPIC 
IIAl:  ROCKS  AT  26  INCHES,  HIGH  O.M.  CONTENT. 
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